CONTROL' DATA 



COR PO RATI ON 



ATTACHHENT D 

rvio i hsj e e: f=5i rvio 



SCDD 



NO flflVflbfiOO 

REV Dl 

DATE t/l3/?3 

PAGE 1 of 



(1P17 



ENGINEERING SPECIFICATION 



Originator: 



1 1 A A w* n-i r-» 4- b 



7 



CONTROL'DATA 



COR POR ATI O N 



rvioirvi 



IM<3 

ATION 



NO 6A76L.AD0 

REV 01 

DATE b/13/73 

PAGE 2 



REVISION RECORD 



REV. 



E.C.O. PAGE 



PARAGRAPH 



DESCRIPTION 



APVD. DATE 



Dl 



MPl7 Engineering Specification 



CONTROlfDATAl 



C O RPORATIO N 



EINIGirsJEEIFRirNICB 



1-D 
2.0 
3-D 



M.D 



S.D 

L.D 



SMALL COMPUTER 

DEVELOPMENT DIViSION 

TABLE OF CONTENTS 
SCOPE 

APPLICABLE DOCUMENTS 

REQUIREMENTS 

3.1 Definition 

3.2 Block Diagram 

3.3 General Description 
3.M Physical 

3.5 Reliability 

3-b Maintainability 

3.7 Environmental 

3. A Refurbishment 

3.T Design Technology and Construction 

DUALITY ASSURANCE PROVISION 

M.l Tests and Checks 

M-2 Measurements 

M-3 Workmanship Verification 

M.t| Test Methods 

PREPARATION FOR DELIVERY 

NOTES 

b-1 Equipment Data Sheet 



NO. flfl7flLflOQ 
DATE t/13/73 
PAGE 
REV. 



CONTROlSDATAI 



COR PO R ATI ON* 



:rvjc3irsjE:E:FRirsjc3 

SMALL COMPUTER 

DEVELOPMENT DIVISION 



TABLE OF CONTENTS 



'7 



NO. fifl?flbaDD 
DATE b/13/73 
PAGE 
REV. 



?.D 



fi.D 
^•0 



APPENDIX I -- MP17 CONFIGURATION 

7-1 Programming 

7-2 Repertoire of Instructions {Basic 17QDJ 

7.3 Enhanced Instructions 

7.4 1700 Emulation 

7.5 Internal I/O and Teletype/Display Controller 
APPENDIX II -- CONTROLLER CONFIGURATION 
APPENDIX III — GLOSSARY 



CONTROL DATA 



CORPORATION 



Ihsl 
IF="I 

SCDD 



ION 



N0 88786800 
REV Dl 

gg|6/13/73 



1-D 



SCOPE 

This specification describes a small scale stored 
program parallel mode digital computer. This com- 
puter has the capability of being configured in two 
ways. 

a. The classical single level processor with a one- 
to-one relationship of instruction read from storage 
and a hardware decode and execution takes place. 

b- A multilevel execution. In this atmosphere a 

macro-instruction program is stored in what may be 
called the main memory system and a micro- instruc- 
tion program is stored in what may be called a 
micro-memory system. These memory systems may be 
one and the same or may be different- In this 
machine ^, ,ey src uii lerenti the micro-memory is 
smaller in capacity and faster in both access and 
cycie time- Macro-instructions are read from main 
memory serially by a portion of the micro-program. 
The macro instruction is then decoded by a combi- 
nation hardware/software technique- The hardware 
portion of the macro-instruction decode is called 
a transform. The transform process causes the 
micro-program to form program branches, sets pa- 
rameters and performs arithmetic or logical opera- 
tions all in parallel. A transform is performed 
as if it was a standard stored micro-instruction. 
Numerous different types of transforms are exe- 
cuted in the process of executing a macro-instruc- 
tion. Macro-instructions may be decoded either 
with or without the use of the transform feature, 
however, use of transforms increase the perfor- 
mance and reduces the number of micro- instructions 
many fold. 
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System Definition 

The processor is parallel mode, stored program, digital 
computer made up of a minimum of three of the six 
blocks shown in Figure l - The Basic System Block dia- 
gram. The minimum blocks ar&: 

!• Micro-processor 

2. Maintenance interface/ maintenance panel 

3. Micro-memory 

This minimum configuration could be utilized in a 
peripheral controller or I/O processor type applica- 
tion- The complete configuration shown in Figure 1 

1 ^ ::!■_■!•_ s_y p 1 ^.Q 1 > — > ■ I.WU ICVCl (.UlllpUUCr WiLII LMC III 1 k_r U 

processor emulating program stored in the main memory. 
Figure 1 is the basic processor block diagram defining 
the MPl? emulation described in Appendix 1- 
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Figure 2 Detailed Micro-processor Block Diagram 
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3. 3 General Description 

3.3.1 Micro-Processor (MP) 

The detailed organization of the MP is shown in 
Figure 2. This diagram shows that the registers of 
the MP are interconnected primarily by selectors. The 
selectors in the diagram are numbered from SI to S3 
and S5 to S9. A selector is a multiplexer that provides 
for transferring one of several inputs to an output. 
Selectors SI, S2 , S3, and S9 are word-width selectors 
that provide for the transfer of a complete MP word to 
the output. Selectors S5, and S8 are 8-bit selectors 
and provide for the transfer of an 8-bit quantity; 
Selector S7 is a single bit selector for transferring 
one of 16 input bits to its output. Selector S6 is 
a 12 bit selector, and provides for transferring micro- 
memory address to P/MA. 

The unlabeled inputs to selectors represent uncommitted 
logic in the basic MP design, which is specified by the 
system designer to provide an efficient solution to a 
specific system design problem. Arrows leaving a 
register or a data path represent data points that are 
available on the backpanel wiring of the MP; they are 
candidate bits of information for connection to the 
uncommitted logic of the MP. The detailed wiring of the 
uncommitted selector inputs is performed on the transform 
module, which is different for each MP application. 

3.3.1.1 Micromemory and Microcontrol Section 

The MP micromemory is an IC memory with 
a basic memory size of 256 words. Each word is 64 bits 
long, containing two 32 -bit microinstructions. The 
basic memory size can be expanded to a maximum of 8192 
micro-instructions. The micromemory is available in 
two forms: 

1. A read/write micro-memory (RAM) is available for use 
during program development and in applications that 
require the MP to be re-programmed or reorganized for 
multiple applications. This read/write micro-memory can 
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be loaded from an external device , or data can be 
written into micro-memory under control of the micro- 
program. The RAM micro-memory expansion cards are 
available in only one version, this version contains 
512 micro-instructions per card. 

2. A read only micro-memory (ROM) is available for 
fixed applications of the MPP. This is programmed during 
manufacture. It is available only on the transform 
board of the MP17 1700 emulator, and provides for 1,024 
instructions . 



3.3.1.1.1 



The micromemory is addressed by the P/MA register, 
The P portion of the register is a page control and 
consists of four bits specifying up to 16 pages of 
micromemory. A page consists of 256 words or 512 
microinstructions. The MA register is an 8-bit 
register that specifies one of the 256 microinstruction 
pairs within the page that is to be the source of 
the next microinstruction. The T field of the current 
microinstruction is used to select the upper or the 
lower of the microinstruction pair as the next micro- 
instruction to be executed. Microinstruction sequen- 
cing is designed so that no automatic overflow of 
addressing from the MA register to the P register occurs; 
any transfer of control between pages is initiated 
by a page jump operation, MA transform operation, or 
clear page operation. 

Page/Micromemory Address Register 

The P/MA register provides addressing for the micro- 
memory. The micromemory is organized into pages of 
256 locations, which provide for 512 microinstructions. 
The P portion of the register selects one of 16 pages, 
while the MA provides for selection one of the 256 
locations within the page. 
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The P portion of the register can be set from a micro- 
instruction, from the PS, from the RTJ register, or from 

an nnfnnf r-\-F 4- V\ ra franc -P^-i-m inn/^n 1 q Tho inn .r»rnmomr\ru 
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address portion of the register can be set from a micro- 
instruction, from the MAC, from the RTJ register, or 
from an output of the transform module. The MA portion 
of the register has no sequencing capability; this is 
provided by the MAC. The cor-btnat:' on ll/X register can 
provide an address to P/MA for micromemory Read/T7rite 
operand references. 



3.3.1.1.2 Memory Address Counter 



The MAC is a counter which is used to determine the 
next location within a page following the current 
location specified in the MA register. In operation, 
the contents of the MA register is transferred to the 
MAC at each micromemory reference, then the contents 
of the MAC is incremented by one to point to this 
next location. Depending on the sequencing operation 
specified in the microinstruction, the MAC may or may 
not be used to obtain the next microinstruction. 
Sequencing of the MAC is such that location within 
a page follows location 255 on that page. 



3.3.1.1.3 Page Storage Register (PS) 



The PS register is a four bit holding register which, 
is used to determine the page for the next instruction. 
In operation the contents of the page register is 
transferred to the PS at each micromemory reference. 
Depending on the sequencing operation specified in the 
microinstruction the PS may or may not be used to 
obtain the next microinstruction. 



3.3.1.1.4 Microinstruction Register 



The MIR is a 32-bit register which is used to hold the 
microinstruction during execution. Data is normally 
entered into the MIR from the micromemory; either the 
upper or lower 32 bits of the contents of the micromemory 
location are gated to the MIR, based on the value of the 
test bit determined during the preceding microinstruc- 
tion. A test bit of specifies the upper microin- 
struction, and a test bit of 1 specifies the lower 
microinstruction . 
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3.3.1.1.5 



3.3.1.2 



Data may also be transferred into MIk from the 
maintenance panel interface. This is done as a result 
n-p =>-. .-\T-.o>-a-i-/-i-r T-pnnpct- if- TTi^v nr mav not result in 
offline mode depending on the function requested. 



A transform design option allows data to be transferred 
from the transform module to the upper 16-bits of the 
MIR for specialized applications. 

Return Jump Register 

The RTJ register is provided to capture the location of 
the next microinstruction pair at any time, when specified 
by a microinstruction. When this capture is specified, 
the contents of MAC is incremented and PS and MAC are 
stored in the RTJ register. The contents of the RTJ 
register is unchanged until the next command is given to 
save a new address. This saving of the next instruction 
pair location is independent of any actual transfer of 
control. The output of the RTJ register can be gated to 
the P/MA register to perform the return operation or the 
MA portion may be read into the organization of the MPP 
through selector S2 . 

Transforms and the Transform Module 

The transform feature of the MPP provides the micro- 
program with the capability to select any pattern of bits 
from the data transmission paths of the MPP, to form 
micromemory addresses to sequence the microprogram, and 
to set the contents of the K and N register and upper 16 
bits of the MIR register. 

The transform hardware is packaged on a separate module 
and is specialized for each particular application. The 
transforms are implemented on two selectors, S5 and S8 
which are located on the transform module along with the 
bit test selector S7. 

Selector S5 is an eight bit wide two position to sixteen 
position selector which is used to form micromemory addresses 
A maximum of sixteen different micromemory address (MA) 
constructions can thus be specified. The MA transformed 
specifies one of 256 64-bit microwords within a page. 
The T field code specifies which 32 bit microinstruction 
is to be executed. If SM207 is set to 1, the transform 
address will be to the page denoted in the SI field of the 
microinstruction. If SM207 is set to 0, the transform 
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address will reside in the same page as the micro- 
instruction currently being executed. The lower (least 
significant) eight bits of the output of S2 shall 
represent MA transform number 7 (j=0111 in C field) on 
all configurations. 

Selector S8 is an eight bit wide two position to sixtten 
position selector which is used to select a source for 
loading the K or N register. Two of the sources are fixed; 
KN transform (j=0000) shall be the output of the 
lower (least significant) eight bits of S2 and KN transform 
6 (j=0110) shall be the output of the lower (least 
significant) eight bits of the MIR. 

A specialized transform of the upper (most significant) 
16 bits of the MIR register may be implemented to provide 
more efficient emulation. In order to utilize this 
feature, the macro instruction register (referred to as 
IXT) must be located on the transform module. This feature 
allows the upper 16 bits of MIR to be loaded directly with 
information encoded off the IXT register in order to 
control MPP arithmetic function during macro 
emulation RNI cycles. 

Selector S7 is a one bit wide, two position to thirty two 
bit position selector , which is used to test a specific 
condition to determine which microinstruction to execute 
from the next microinstruction pair. This capability is 
used by placing a BTU command in the T field of the 
microinstruction; the lower five bits of the C field (j) 
determine which of the thirty two possible bits to test. 
If the tested bit is a one, the upper microinstruction is 
executed; otherwise, the lower microinstruction is executed. 

Bits that can be tested include all the bits available for 
use in creating transforms and bits associated with any 
specialized I/O logic. 

The following MPP outputs are available for monitoring by 
the transform module. 



SI 
S2 
SM Registers 



. MIR 

. Main Memory Read Data Bus 
. Bits 19 and 24 through 31 
of micro memory read data 
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3.3.1.3 



Arithmetic and Logical Unit 
Organization 



and Data Transfer 



3.3-1.3.1 The ALU provides the arithmetic and logical capabili- 

ties of the CPU- This unit combines two input words 
of the system word length, one from the A input pro- 
vided by Si and the other from the B input provided 
by S2. 

These two inputs ar<s. combined according to the function 
code specified in the microinstructions the result 
is delivered simultaneously at the output of the ALU 
for possible shifting and delivery to the destination 
register, to the ALU buffer circuit for delivery to 
the SM and mask registers, and to the memory bus and 
the panel interface. It is possible to ignore the out- 
fjui. i_> i Liic mi_u ufi aiiy i ribi. r u<_t iui i • i i it: r'tJUit ui tile 



ALU 



operation as to the sign, zero, and magnitude -Cby 
means of the carryout test> is avai iao le to the test 
bit logic for instruction sequencing. 

Arithmetic operations may be in l-'s or E-'s complement 
arithmetic and can operate on either single precision 
operands or on double precision operands, using the 
double precision hardware available as an option. 
Selection of single or double precision and 1 or S-'s 
complement mode is controlled by the microprogram 
which controls the states of the applicable bits in 
the Sfl register- 



Also available as an option is the ability to perform 
split adder operations. For examplei in a lb bit CPU-i 
a split may be made between the upper and lower fl-bit groups 
and would allow operations on each group to take place 
simultaneously. The selection of the split adder is 
controller by setting or clearing a bit in the Sfl register- 
The split has no effect on logical operations! since 
these do not involve a carry between bits- 

NOTE: Design allowances have been made for optional 
special algorithms of which arithmetic is one- Howeveri 
design of these options is not presently included in 
the development. 
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The data transfer organization of the CPU provides for 
storing data in one of six working registers and two 
f i] e s and for selecting data to be processed through 
the ALU. ALU results are transferred back to one of 
the registers or out of the organization to control 
external equipment- 

The primary data registers are I, P, A, F, X, and (3. 
The names given to the registers are descriptive of 
the normal use of the registers in an emulation*-, how- 
ever, the names are not intended to limit the use of 
the registers. 



3.3.1.3.2 



I Register 

The I register is a word length register used primarily 
to hold the emulated software instruction be in" exe- 
cuted by the CPU. It is also available as input tcTsi, 

and therefore- to the A 



iipui. 
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of 



Data is entered into the I register from the output 
Si. This connection is provided so that datamay be 
transferred from memory directly to the I register, in 
addition to performing some other operation on the memory 
data or transferring the memory data to another register 
through the ALU. 



3.3.1-3.3 



P Register 

The P register is 
data from the ALU 
and thus to the A 
purpose regis teri 
tain the software 
of a computer. 



a word length register which receives 
and whose output is provided to Si 
input of the ALU. This is a general 
however, it normally is used to con- 
instruction counter for the emulation 



d-d-l- d. M 



A Register 



The A register is a word length, general purpose 
register which receives data from the ALU and provides 



output to Si and thus to the A 



The A register is mechanized as a shifting regiser, 
and it can be shifted left or right without the use of 
the ALU. The A register may also be combined with the 
Q register to form a double length shifting register, 
which operates independently of the ALU. 
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F Register 



Thp F K'Pm'^t-pr- 
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register wmcn can oe read into the A or B input 
of the ALU. This register is also used as the file 
entry register and contains the information written 
into file 1 or file 2 when these files are used as the 
destination of an ALU operation. 

3. 3-1. 3. b X Register 

The X register is a word length, general purpose 
register which can be read into the A or B input of 
the ALU. 



3.3-1.3.7 



0. Recrister 



.-, i 



The (2 register is a word length, general purpose 
register which receives data from the ALU and provides 
output to SB and thus to the B side of the ALU. The 
Q register is mechanized as a shifting register^ it 
may be shifted left or right in conjunction with the 
A register, without the use of the ALU. 



3.3-1.3. A Register File Usage 

Files 1 and 2 are word length, scratchpad, storage 

register files which are addressed by the K and N 
registers, respectively. 

3.3-1.3.1 File l 

File 1 is a file of 25L> general purpose, word-sized 
registers which are addressed by the contents of the 
K register^ the output of the addressed file is de- 
livered to SI and SB, and thus to the A and B side of 
the ALU on demand. A S/M bit is provided for selecting 
either the output of File 1 or output from the trans- 
form module as this input to SI or S2 . 
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3.3.1-3.10 



File 5 



-J L_ WUI LJ 



i 1 1 c 



=ddressed 



is aaaressea Dy the lower 
five bits of theN register. It is intended primarily 
as a source of constants, but may be used as a general 
purpose, word-sized register which delivers its output 
to Si and S5, and thus to the A and B side of the ALU. 



3.3.1-3.11 



Bit Generator 



The bit generator is a circuit that generates one bit 
at any bit position in a word as input to the B side 
of the ALL). Bits ar<s. numbered from left to right as 
bits D to N , where N is the number of bits in a word 
minus one. Control todrive the bit generator is derived 
either from the microinstruction -[bits 27 to 3l> or from 

thP IrV'lf 3 *" -F-iwp Kifc ii-f +-t-.o M ^P> "■? «- +■ O!" r r~r* *-> i -— •■— - "> 

obtained from the microinstruction. The choice of which 
input drives tiie bit generator is based on the setting 
of a bit in the SM register.. 



3-3-1.3.15 



Selector 1 

Si provides for the selection of one of eight inputs 
for delivery to the ALU or for delivery to the I regis- 
ter if the I register is selected as a destination in 
the microinstruction. The selector also provides data 
for transforms. 

Input to the selector is from the following: 



H 
M 
M 

M 
M 
N 
H 



Input bus 

I register 

P register 

F register 

File l or external input {transform} 

X register 

File E 

A register 



Output from the selector goes to the following: 

h ALU 

H External output or transform 

M I register 
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Input Bus to Selector 1 

is input u ui 1 £> uflc mpuL lu ^jj <anu pr'uviueii i or - 

selection of input data to be transmitted to Si- 
The data may come from-* 

** Data from the external main memory 

M Output of the Sllregisters or the interrupt 
mask registers 

m Algorithm 
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Selector 2 

SE provides for the selection of one of eight inputs 

"F«-ir> r\p> 1 l'uofu +-(-1 thoD innnf n-f 4-Kjti AIM Tk^ -^^-J^-J-T *--i . — 

— B wlw*ivw. jf ,_ w t t f- u II ipu t «-» I L I I fci rv t_ t_l • XI ! QUU 1 L lUlh 

the second output provides for the transfer of infor- 
mai_ion 1 rom tins selector to the transform module and 
to themicromemory • 

Input to SE is from the following: 



M 

H 
M 
M 



F register 

File 1 or external input -C transform} 

X register 

File S 

Q register 

N and RTJ registers 

Bit generator 

Input bus 



Input Bus to Selector 2 

The input bus provides for submul tiplexing of data for 
input to SE. Inputsto the input bus &r&' 



M 
M 

M 
M 

* 



Main memory 

Interrupt address 

Hicromemory 

I/O system, maintenance panel interface 

K register 
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3.3.1.3.14 



Status/Mode Register 

The SM register allows the microprogram to control the 
mode of operation and also allows the microprogram to 
examine the status of certain internal and external 
conditions. The CPU can access one or two SM registers, 
referred to as SMI and SM2. Each SM register contains 
the same number of bits as the basic processor word; six- 
teen bits for a sixteen bit processor or thirty two bits 
for a thirty two bit processor. Therefore, the maximum 
total number of SM bits in a CPU is twice the basic 
processor word length. 

An SM register module contains 16 bits of SMI and 16 bits 
of SM2 . All 32 bits of an SM module can be set or reset 
by the microprogram by transferring information to the 
SM register from the output of the ALU. 

The SM register bits are numbered as follows for 16 bit 
and 32 bit processors. 



16 bit CPU; 



32 bit CPU: 



SMI bits numbered S100 to S115; 
SM2 bits numbered S200 to S215. 



SMI bits (first module) numbered 

S100 to S115 

SMI bits (second module) numbered 

S116 to S131 

SM2 bits (first module) numbered 

S100 to S115 

SM2 bits (second module) numbered 

S216 to S231. 



The individual bits of an SM module have the following 
additional characteristics. 



Module Bits 

SMI (0-3) 

SMI (16-19) 

SM2 (0-3) 

SM2 (16-19) 



Functional Characteristics 

These bits are flag bits which can be set 
or reset by the SETF and CLRF commands in 
a microinstruction. These commands provide 
for addressing up to 16 flags. In a 16 bit 
processor bits 0-3 of SMI are address as 
flags 0-3 and bits 0-3 of SM2 are addressed 
as flags 4-7. 
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In a 32 bit processor with two SM modules, bits 0-3 of SMI 
are flags 0-3, bits 16-19 of SMI are flags 4-7, bits 0-3 

- « «-. -»■* - 1 i-jj i r -in ~ x: o a* O -%-*-^> f 1 acre 1 9-1 R 

of SM2 are nags e-xx ana mts io-u u^ j"' o.j.^ j-j.^-^ ^- ---• 

The flag bits are not cleared by a processor master clear, 
and no external input is provided to these bits. 

SMI (0-3) and SMI (16-19) are available as a true output 
from the SM module. SM2 (0-3) and SM2 (16-19) are available 
as a complement output from the SM module. 

These bits can be set by an external signal and cleared by 
a processor master clear. These bits are all available as 
a true and complement output from the SM module. 

X'nese Dits can ue sei. uj an cAucmai ■^^"" j - «"~ ~~~ ~~ 
cleared by a processor master clear. SM2 (14-15) and SM2 
(30-31) can also be cleared by an external signals. These 
bits are available only as true outputs from the SM module. 

These bits can be set by an external signal and can be 
cleared by a processor master clear. SMI (14-15) and 
SMI (30-31) can also be cleared by an external signal. 
These bits are available only as complement outputs from 
the SM module. 

The assignment of status and mode conditions to specific bits of the SM 
register is a design function. The following assignment of status and 
mode fits in the minimum standard assignment. Bit assignments which are 
optional are listed with parenthesis. Bits are identified as S for status 
and M for mode. 



SMI (4-7) 

SMI (20-23) 

SM2 (4-7) 

SM2 (20-23) 

SMI (08-11) 

SMI (24-27) 

SM2 (08-15) 

SM2 (24-31) 

SMI (12-15) 

SMI (28-31) 
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BIT 



TYPE 



100 


M 


101 


M 


102 


M 


103 


M 


104 


S 


105 




106 


M 


107 




108 




109 


H 


110 


s 


111 


M 


112 




113 


M 


114 




115 




200 




201 




202 




203 




204 


M 


205 




206 




207 


M 


208 




209 




210 


M 


211 


M 


212 




213 


S 


214 




215 





FUNCTION 

(Double Precision) 
1 ' s complement 
Bit generator input from N 
(Adder Split) 
Main Memory Parity Error 
Open 

(Enable Interrupt System) 
Open 
Open 

Overflow 
(Enable Fl) 
Open 

Select XT/MA (R/W MM) 
Open 
Open 

Open 

Open 

Open 

Open 

Autoload 

Open 

Open 

Select Page XT/MA 

Open 

Open 

Enable MM to MIR 

Enable DMA to MIR 

Open 

Console Request Control 

Open 

Open 



fj ^ 



CQNTROl&DATAi 



G ORPORAflON* 



ErsiCBIINIEERIINICB 
SPECI Rl O/XTI cz> rsj 



SMALL COMPUTER 
DEVELOPMENT DIVISION 



NO. 
DATE 
PAGE 
REV. 



-sit o t a i r'tsn nnpra^ina Modes 



The following CPU operating modes are m^Oiyorate^ 1 ^° 
a system during manufacture. The operations are controlled 
by a mode fit in the SM register, but if an option is not 
included, the associated mode bit is open in the SM register. 

Double Precision Arithmetic (SM100 ) 

If this mode bit is set to 1 and the double precision 
hardware option is included, the ALU and the ALU* on the 
double precision option module are combined to form a double- 
word length ALU. This double-word length ALU operates for 
addition and subtaction but not for logical operations. 

If this mode bit is set to 0, the double precision ALU* 

a. „ j jr„^ m 4-k^, 7\ttt snrt n o nnprai"inn takes place 

IS QlSCUIlIietLeu J-iwi uii<- "-v v".— --- -c- ■- - - 

■in RT.™* 

l's Complement (SM101 ) 

If this mode bit is set to 1, the ALU (and ALU* for double 
precision operation) operates in l's complement arithmetic 
mode for addition and subtraction. 

If the mode bit is set to 0, operations are in 2 ' s complement 
arithmetic mode for addition and subtraction. 

BG Input From N (SM102 ) 

If this mode bit is set to 1, the bit generator is controlled 
by the lower five bits of the N register. 

If this mode bit is set to 0, the bit generator is controlled 
by the lower five bits of the microinstruction. 

Adder Split (SM103 ) 

If this mode bit is set to 1 ,the ALU is split into two 
independent ALU's at the adder split point for arithmetic 
operation. The split point is between bits 07 and 08 on a 
16-bit processor and between bits 15 and 16 on a 32-bit 
processor. On a 16-bit processor, both the upper and lower 
portion of the ALU operate in 2 • s complement arithmetic. In 
a 32-bit processor if l's complement mode is selected, the 
upper adder operates in 2 ' s complement mode while the lower 
adder operates in l's complement mode. 

If this mode bit is set to 0, the ALU operates as a single 
word-size ALU. 
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Enable Interrupt System (SM106) 



If this mode bit is 



= +- 4-^ i i-he interrupt system of 
the processor is activated ana tne ibiu u"t w«i» — > — 
the interrupt system. 

The interrupt lines to be enabled/disabled by this node bit 
are selectable in groups of four interrupt lxnes. Therefore, 
on a 16-bit processor any combination of four groups can be 
controlled by this mode bit and on a 32-bit Processor any 
combination of eight groups can be controlled by this bit. 
Groups not controlled by the mode bit can be constantly 
enabled or disabled. 

If this mode bit is set to 0, the interrupt system is 

disabled and the INTU test will always receive a reply 

of "no interrupt present" on groups controlled by the 
mode bit . 

Micro Halt (SM1Q9 ) 

If this mode bit is set to 1, any microinstruction with a 
HALT code in the S field stops the operation of the processor 
on completion of the microinstruction. 

If this mode bit is set to 0, the HALT code in the S field 
of any microinstruction is ignored. 

Enable Fl (SMlll ) 

If this mode bit is set to 1, the output of File lis 
enabled to Selector SI or S2 . This overrides any selection 
of an external source. 

If this mode bit is set to 0, the output of File 1 is 
disabled as an input source to Selector SI or S2 . If an 
external source (such as the transform module) is available 
it may be enabled to selector SI or S2 at the same position 
as defined for Fl. 

Note that this mode bit must be set to 1 in order to write 
into Fl. 
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Select XT/MA (R/W MM) (SM113 ) 

If this mode bit is set to 1 the MA transform determines 
the micromemory address for read'write micromemory operand 
references. 

If this mode bit is set to 0, the combination N/K register 
determines the micromemory address for read/write micro- 
memory operand references . 

Autoload (SM204) 



If this mode bit is set to 1 the autoload mode is selected 
on the console interface. 

If this mode bit is set to the autoload mode is disabled 
on the console interface. 

Select Page XT/MA (SM207 ) 

If this mode bit is set to 1 an MA transform can be executed 
across a page boundary, by setting the desired page in the S 
field of the microinstruction. Normal S field operations are 
disabled. 

If the mode bit is set to an MA transform is limited to the 
page in which the microinstruction containing the MA transform 
command resides. The S field of the microinstruction is 
decoded for normal operation. 

Enable MM to MIR (SM210 ) 

If this mode bit is set to 1, the output of the micromemory 
is pre-enabled to the MIR. A page jump or return jump micro- 
instruction must be executed with this mode bit set to 1 to 
force the actual selection to the page and address selected. 

If the mode bit is set to 0, the output of the console interface 
is pre-enabled to the MIR. A page jump or return jump micro- 
instruction must be executed with this mode bit set to to 
force the actual selection. If the processor is master 
cleared, the console interface is enabled to the MIR. 
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Enable DMA to MIR (SM211 ) 

If this mode bit is set to 1 and SM210 is set to and a 
page jump or return jump microinstruction is executed, main 
memory data via the console interface is selected to the MIR 
for microinstruction execution at the page and address selected. 

If this mode bit is set to and SM210 is set to 1 and a page 
or return jump microinstruction is executed, control is 
transferred back to micromemory at the page and address 
selected. 



3.3.1.3.14.2 MPP Status 



The following CPU status bit assignments are incorporated into 
a system during manufacture. All of these status bits are 
set by the condition aetecteu; trie uieaririy ^x. ^c ^w^-— -- 
bit must be performed by the microprogram with the exception 
of SMI (bits 14, 15, 30, 31) and SM2 (bits 14, 15, 30, 31) 
which have an external clear input. 

Main Memory Parity Error (SM10 4 ) 

This status bit is set to 1 if the main memory interface 
detects a parity error on data read from memory. 

Overflow (SM110 ) 

This status bit is set to 1 on detection of an overflow 
condition. The processor provides for three selectable 
overflow conditions to be tested. 

. Arithmetic overflow - microinstruction performing the 
arithmetic operation is an add or subtract with overflow 
test and the arithmetic result is inconsistent with the 
sign of the operands and the arithmetic operation. 

. Binary overflow = microinstruction performing the arithmetic 
operation is an add or subtract with overflow test and a 
carry out of the most significant bit of the ALU occurred. 
This condition is tested if an optional binary overflow SM 
bit is set to 1. 
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. Decimal Overflow - microinstruion performing the arithmetic 
operation is a decimal add or subtract with overflow test and 
decimal overflow occurred = This condition is tested if an 
optional decimal arithmetic SM bit is set to 1 and the 
decimal arithmetic algorithm is included on the transform 
module. 

Console Request Control (SM2 13 ) 

This status bit is set to 1 if the control console interface 
is requesting control via the K.IR. The microprogram should 
return control to the console via SM210. This status bit is 
wired to an interrupt line. 

3.3.1.3.15 Interrupts and Mask Register 

The interrupt system is implemented as a sampled data system 
at the microprogram level instead of as a true interrupt as 
used in conventional computers. That is, the interrupt system 
provides a sampling capability in which a microinstruction can 
sample the interrupt system to see if there is any interrupt 
present that has its corresponding mask register bit set to 1. 
This sample is taken by performing an INTU operation in the 
T field of any microinstruction. If there is an interrupt in 
the system whose mask register bit is 1 and the interrupt 
system is enabled the next microinstruction is executed from 
the upper of the next microinstruction pair. If there is no 
such interrupt, the next microinstruction is executed from 
the lower of the next microinstruction pair. 

When an interrupt is recognized, the microprogram samples 
the interrupt address encoder to identify the most 
significant (highest priority) interrupt. The interrupt 
address encoder must be read in the microinstruction follow- 
ing the interrupt test, to be sure of a correct interrupt line 
address. If the interrupt address is read earlier or later, 
there is a possibility that the address encoder output is 
unstable due to a newly-arrived interrupt. The interrupt 
address is read by performing an INTA operation in the B' 
field of any microinstruction. 

No standard interrupts are defined; the use of the interrupt 
system and the design of interrupts are functions of the 
application. Interrupts are identified by the corresponding 
mask bits which are assigned to control the interrupt 
recognition. The bits in the mask registers are identified 
as follows : 
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TABLE 


3-19. 


MPP INTERRUPT ADDRESSES (Ml) 






Mask Bit 




16 


Interrupt Address (Base 
Bit Processor 


10) 
32 Bit Proces 


M100 






15 




47 


M101 






14 




46 


M102 






13 




45 


M103 






12 




44 


M104 






11 




43 


M105 






10 




42 


M106 






9 




41 


M107 






8 




40 


Ml 08 






7 




39 


M109 






6 




38 


MHO 






5 




37 


Mill 






4 




36 


M112 






3 




35 


M113 






2 




34 


M114 






1 




33 


M115 











32 


M116 






— 




15 


M117 






— 




14 


M118 






— 




13 


M119 






— 




12 


M120 






— 




11 


HI 21 






— 






M122 






— 




9 


M123 






— 




8 


M124 






— 




7 


M125 






— 




6 


M126 






— 




5 


Ml 2 7 






— 




4 


M128 






— 




3 


M129 






— 




2 


M130 






— 
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TABLE 3-20. 



Mask Bit 
M200 
M201 
M202 
M203 
M204 
M205 
M206 
M207 
M2 8 
M209 
M210 
M211 
M212 
M213 
M214 
M215 

M216 

M217 

M218 

M219 

M220 

M221 

M222 

M223 

M224 

M225 

M226 

M227 

M228 

M229 

M23i 



MPP INTERRUPT ADDRESS (M2 ) 

Interrupt Address (Base 10) 
16-Bit Processor 



32-Bit Processor 



31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 



63 

62 

61 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 
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Mask Register 1 (Ml ) 

M100 through M115 (16-bit processor) 
M100 through M131 (32-bit processor) 

Mask Register 2 (M2 ) 

M200 through M215 (16-bit processor) 
M200 through M2 31 (32-bit processor) 

Interrupt addresses are generated by the interrupt 
address encoder according to the assignments for a 16 -bit 
and 32-bit processor given in Tables 3-19and 3-20. 

The interrupt priorities correspond to the interrupt 
address generated; that is, interrupt address is 
associated with the highest priority interrupt line and 
interrupt address 31 is associated with the lowest priority- 
interrupt line in a 16-bit processor- As an example, 
an interrupt associated with M112 would have priority over 
an interrupt associated with Mill in a 16-bit processor and 
an interrupt address of 3, n would be developed by the interrupt 
address encoder. 

The output from the interrupt address encoder is the 
complement of the interrupt address for input to S2; thus 
the transfer of the interrupt address to the X register, 
for example, would be coded using a -B code in the F field, 
INTA in the B' field, and X in the D field. This results 
in the correct interrupt address being transferred. 

A design option in the interrupt system provides for 
activating interrupts in groups of four interrupt lines. 
Therefore, on a 16-bit processor, any combination of four 
groups can be controlled by the enable interrupt SM bit(s) and 
on a 32 -bit processor any combination of eight groups can be 
controlled by SM bit(s). Groups not controlled by SM bit(s) 
can be allowed to remain active while the remaining interrupts 
may be enabled or disabled. 

Interrupt signals must be steady state when inputted to the 
interrupt system and indicate the presence of an interrupt 
when set to a . If a pulse type interrupt is required, 
the pulse interrupt signal is used to set a bit in the SM 
register; this SM bit is then wired to the interrupt system. 
On recognizing this interrupt, the microprogram is able to 
clear the interrupt condition by clearing the SM bit. 
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3.3.1.3.16 



3.3.1.3.17 



3.3.1.3.18 



K Register 

The K register is an 8-bit counter that can be cleared, 
incremented, or decremented. It is used to address 
file 1 in addition to any program usage as a counter. 
The original value of K can be tested against zero by 
the microinstruction. The contents of K is selectable 
as an. input to S2 via main CPU tri-state buss. 
N Register 

The N register is an 8-bit counter which may be cleared, 
incremented, or decremented. It is used to address 
file 2, control shifts, control the scale operations, 
and maybe used as an iteration counter which controls 
microinstruction execution for operations such as 
multiplication and division. It may also be used as 
a programmed counter, since the original value of N 
can be tested against zero by the microinstructions. 
N is selectable as an input to S2 with RTJ. 

N/K Register 

The K and N register may be combined to provide operand 

addresses outside the current operating page. They are 

gated through S6'to P/MA for this operation. In this 

operation the five least significant bits of N provide 

the upper portion of the twelve bit address. The seven 

most significant bits of K provide the lower portion 

of the twelve bit address. The least significant 

bit of K is used to determine upper or lower. A S/M 

bit determines whether to use N / K Data or the output 

of the transform module for this operation 
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3.3.1.4 



Microinstruction Formats 



Each micromemory address specifies the location of two microinstructions. Each 
32-bit microinstruction is divided into five main sections and is numbered from left 
to right as bits to 31. 



Bits 
0,1 

2-15 

16-18 

1S-23 
24-31 



Function 

Mode (M) field specifies format of S and C field and sequencing 
mode to obtain next microinstruction pair 

ALU control field specifies ALU operation, sources of operands, 
and destination of result of operation 

Test (T) field specifies method of selecting which microinstruction 
of next microinstruction pair to execute 

Special (S) field specifies subformat selection and special operation 

Constant (C) or suboperation field specifies constants, micromemory 
addresses, or other codes 
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The total instruction appears as follows: 
12 ' / 15 16 18 19 



23 24 



31 



M 


ALU Control 


T 1 S 


C 



The M field specifies one of three addressing modes to be used to obtain the next 
microinstruction pair from micromemory and also specifies the format to be used in 
interpreting bits 19 to 31 of the microinstruction as follows: 



M 



Addressing Mode 



00 


Return 


01 


Sequential 


10 


Jump 


11 


Sequential 



Format for bits 19 to 31 

Format 1 
Format 1 
Format 2 
Format 3 



Figure 5 shows all microinstruction formats. Note that format 1 and format 2 
microinstructions have two subformats, which are selected by the value of bit 19. 



Bit 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 



M 



B 



D 



Shift and 
Scale 



Bit 1 



M 




1 



1 
1 



R 

s 



1 1 



sc 



r 



i 

i i 



19 20 21 22 23 24 25 26 27 28 29 30 3] 

S C ~LZZ 






SI 


T 
T' 


S2 


MOD 


1 


c 


T 

r 


S2' 


C 


S5/S8 






SI 


NMA 


1 


Page 


NMA 



N K 


SI 


c 



Format 1 



Format 2 



Format 3 



Figure 5 Microinstruction Formats 
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The ALU control fields specify the sources of two operands on which an arithmetic, 
logical, shift, or scale operation is to be performed and specify the destination of 
the result of the operation. For arithmetic and logical operations, the ALU control 
fields consist of the ALU function (F), A source (A), B source (B), and uestination 
(D) fields, shown as follows: 



Bit 2 



6 7 



9 10 



12 13 



15 



F 


A 


B 


D 



For shift and scale operations, the A and B fields are interpreted as follows: 



2 


6 


7 


8 


9 


10 


11 12 


13 15 


F 


R 


L 


A 
AQ 


2 


S C 


W///, 



The F field specifies shift or scale operation. Bits 7 and 8 specify right or left 

smiting. .DLL V C3^»evjixifc?c> wueUicr lug -n icgiaici Eiulic u.l cue s\ oXlU ^ ic^Lotcio 

together are to be shifted or scaled. Bit 10 is not used, and bits 11 and 12 specify 
the shift control code. The D field contains a no-operation code for shift and scale 
operations. 

The T field is the conditional branch of the microinstruction and specifies which 
microinstruction, upper or lower, of the next microinstruction pair to execute. The 
test can be based on the result of the ALU operation of the current microinstruction 
or on some other condition. 

The codings in the S and C fields depend upon the contents of the M field. The S and 
C fields are coded in three formats. Format 1 is specified when the M field contains 
00 (return mode) or 01 (sequential mode) as follows: 



Bit 


19 


20 




23 


24 


25 


27 


28 


31 







SI 


T 


S2 


MOD 




T' 


Bit 


19 20 




23 24 


25 


27 28 


29 31 




1 


C 


T 


S2' 


C 


S5/S8 




T' 



Format 1 
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The SI field specifies operations such as main memory read or write operations; 
alternate codings to be used in the A, B, and D fields; etc. The T/T' bit specifies 
that the code in the T field is to be interpreted as the normal T code (T/T' = 0) or 



as the alternate T ! 
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whether bits 25 through 31 are to be interpreted as S2 codes or as S2' codes. The 
S2 code can be a constant for driving the bit generator, additional information to 
control the main memory read or write, or a code to initiate an I/O transfer or 
other operation. The S2' and S5/S8 codes are associated with transforms. 

Format 2 is specified when the M field contains 10 (jump mode), as follows: 



19 20 




23 


24 




31 





SI 


NMA 




1 


PAGE 


NMA 



Format 2 
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the subformat select bit is 0; bits 20 to 23 contain a special operation code as in 
format 1. Bits 24 through 31 contain the micromemory address of the next micro- 
instruction pair. The subformat select bit is. 1 when a jump is specified to a 
different micromemory page; bits 20 through 31 contain the complete micromemory 
address of the next microinstruction pair. 

Format 3 is specified when the M field contains 11 (sequential mode), as follows: 

Bit 19 20 23 24 31 



N/K 


SI 


C 



This format allows one special operation to be performed as specified by the SI code 
and also causes the eight bits of the C field to be transferred to the N register 
(bit 19 = 1) or to the K register (bit 19 = 0). 
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3.3.1.M-1 M Field {Bits and 1> 

The M field defines the major operation taking place in the microinstruction and also 
specifies the type of sequencing which will be used to obtain the next instruction pair. 
The operations specified in the M field are listed in Table 3 • 1 ■ 

TABLE 3-1- M FIELD OPERATIONS 



M Code 


Mnemonic 


Operation 


00 
01 

10 ■ ' " 
11 


R 
S 

j 
S 


Select next microinstruction pair in current page from address 
contained in RTJ register. Use format 1 for special operations. 

Select next microinstruction pair in current page from address 
contained in MAC (normally next sequential pair, unless 
suppressed by T field coding). Use format 1 for special 
operations. 

A jump or page jump. Select next microinstruction pair 
from address specified by bits 24 to 31 of this micro- 
instruction. Address is in current MM page if bit 19 is 
or from page specified in bits 20 through 23 if bit 19 
is 1. Use format 2 for special operations. 

Transfer bits 24 through 31 of this microinstruction to N or 
K register as specified by bit 19 of this microinstruction. 
N register is specified if bit 19 is 1, and K register is 
specified if bit 19 is 0. Select next microinstruction pair 
in current page from address contained in MAC (normally 
next sequential microinstruction pair). Use format 3 for 
special operations. 
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The F field specifies the logical or arithmetic operation to be performed by the ALU 
or the shift or scale operations performed with the A and Q registers. The split 
adder and the double precision hardware options are described in the following 
paragraphs. 
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The solit adder option allows the rain ALU to be split into two independent 
adders. This split is activated by settinp the adder split flap- in the SM 
register. The split blocks the carr; between the two portions of the ^dder. 
The unper port: on of the adder alwavs "^unctions as a ?'s complement adder; 
the lower portion can function as a l's complement or as a 2*s complement adder, 
depend intr upon the state o c the l's comle-ent KM repiste^ flap (32-bit processor 
onlv). In l's complement rode the carryout of the lower portion is used as the 
end-around carrv bit. In 2's complement rode,- both portions of the adder act 
as independent 2's complement adders. The s^lit adder has no effect or. logical 
operations because no carr; is involved in these operations. 

The double precision hardware arithretic option provides the capability to 
perform arithmetic on douhle-lenpth operands. T he double precision locic 
contains three additional reristers (A*, r: ' : , X ! ' : ) and a second AL T ' (£U : ' ! ) 



distinct from the rain MPP elements. 



.re ft* 



rpriste^- 5s urconditicnallv inputted 



to ALU». The output o f ALU- can be shifted le?t and ripht in a r.ultiplv or 
divide operation, and th" cutnut roes to the A" register. The X- and Q-" 
registers are loadable onl"; tbev cannot be speci-ie-" .r destinations r cr the 
results fror ALU", The 0* rerister can be shifted dur'rp double precision 

enahled when the double precision *lap is set in the S.V rerister. Firure 6 
is a block diarrar of the double precision lopic. 

LOGICAL OPERATIONS 

The lepical operations perform bit-by-bit corbinations of the A input and the 
B input for deliver 1 / to the destinat-'.on. Double precision lopical operations 
cannot be performed on the A" and X* registers. 

The lopical operations are described in Table 3-2, 

ARITHMETIC OPERATIONS 

The arithmetic operators (Table 3-3) operate on either sinple precision operand' 
(usinp the main ALU) or double precision operands (*f the double precision 
lopic is ^resent and the double precision flap is set in the SM rerister). 
Two additional options are provided and coded in the arithmetic ^unction code. 
The first option provides ^er a carrv input to the adder (indicated b" a 
plus ripn in the microinstruction mnemonic). This is used for doinr multiple 
precision arithmetic beyond that provided bv the hardware lon'c. A T -^ield 
code to check f or a carm'out of the ALU is provided to determine whether a 
carry into the ALU should be used on the next arithmetic operation. With the 
double precision bit set in the F" repister, the carrvin is entered in the 
lover b^'t of the double precision ALU; otherwise, the carrvin is entered in 
the main ALU. 
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Figure b • Double Precision Option Block Diagram 
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TABLE 3-2. LOGICAL OPERATIONS 



F Code 


Mnemonic 


A input = 0011 


B input = 0101 




01100 


ZERO 





OHIO 


A-B 


1 


01101 


A'-B 


10 


01111 


A 


11 


01000 


-A-B 


10 


01010 


B 


10 1 


01001 


EOR 


110 


01011 


A+B 


111 


00100 


-A'-B 


10 


00110 


-EOR 


10 1 


00101 


-B 


10 10 


00111 


A+-B 


10 11 


00000 


-A 


110 


00010 


-A+B 


110 1 


00001 


-A+-B 


1110 


00011 


ONE 


1111 



TABLE 3-3. ARITHMETIC OPERATIONS 



F Code 


Mnemonic 


Operation 


10100 


SUB 


Subtract B input from A input. 




11000 


ADD 


Add A and B inputs. 




10101 


SUBT 


Subtract with an overflow test. 




11001 


A DDT 


Add with an overflow test. 




10110 


SUB~ 


Perform A-B-l input (2fe complement only). 




11010 


ADD+ 


Perform A + B + 1. 




10111 


SUB-T 


Perform SUB - with an overflow test (2 "s complement 


only) . 


11011 


ADD+T 


Perform ADEH with an overflow test. 
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The second option allows capture of the overflow condition in the SM register (indicated 
by a T in the instruction mnemonic). If this is indicated, the overflow test is per- 
formed by checking the sign of the two inputs to the ALU and by setting a status/mode 
bit if the result is inconsistent. The status/mode overflow bit is set to 1 when the 

«».<-» *.-f1<-\ti» Aonui«ot if muof ho cot trv O Kir a rv»ir»vr»inctviir'f'ir\n wliinh cpfc that ctahlc/mnHp 

bit to a 0. Two other optional R/M bits allow checking for binary or 
decimal arithmetic overflow. 

SHIFT OPERATIONS 

The shift operations in the F field specify a shift of the A register or the AQ register 
of the main MP organization only; no shift is possible in the double precision registers 
from this command. The ALU is not used to perform the shift, but will perform some 
operation based on its decoding of the F field (which should be considered as unknown). 
The destination will receive this meaningless output unless an NOP is chosen for the 
destination of the D field. 

The type of shift is determined by the coding in bits 7 to 12 of the microinstruction, 
and the amount of the shift is determined by the number contained in the N register. 
The operation examines the N register, and, if it is zero, the next microinstruction 
is executed. The T field codes normally used with a shift are U, L, BIT TEST, and 
LQL. Other T codes must be used with caution. 

If the N register is not zero, a shift of one bit position is taken as specified, N is 
decremented by one, and the test for zero is repeated as above. 

The shift conditions are: 

• Shift A - Shift the A register only. 

• Shift AQ - Shift the combined A and Q register. The Q register is considered 
to be the least significant bits of the combined AQ register. 

• Shift External (Transform) 

• Shift left or right. 

• Enter - Enter a in the vacated bit position at the end of the register. 

• Enter 1 - Enter a 1 in the vacated bit position at the end of the register. 

• Extend sign - Extend the sign (for a right shift only). 

• End-around carry - Enter the bit coming off the end of the register into 
the vacated on position at the other end. 

All shifts are performed with an F code of 111X0. The type of shift is determined by 
bits 7 through 12 of the microinstruction. The shifts are defined in Table 3-M. 
Tf F = 11100 the shiftinp of A or AQ is inhibited and an external sMft ir 
provided for optional use or. a transform nodule. 

If F : 1113 n the nxternnl shift is inhibited and A or AO shifts'are enabled. 
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TABLE 3-M. SHIFT OPERATIONS 



XJIV 


UOuc 




Mnpmnm'r 


Operation 


7 8 9 


n 


12 


10 








AR0E 


A is right shifted (N) bits, with entered at 
most significant bit. 


10 





1 


ARSE 


A is right shifted (N) bits, with sign extension. 


10 


l 





AREA 


A is right shifted (N) bits, with end-around 
carry. 


10 








ALOE 


A is left shifted (N) bits, with entered as 
least significant bit. 


10 





1 


AL1E 


A is left shifted (N) bits, with 1 entered as 
least significant bit. 


10 


1 





A LEA 


A is left shifted (N) bits, with end-around 
carry. 


10 1 








AQR0E 


AQ is right shifted (N) bits, with entered 
as most significant bit in A. 


10 1 





1 


AQRSE 


AQ is right shifted (N) bits, with sign 
extension. 


10 1 


1 





AQREA 


AQ is' right shifted (N) bits, with end-around 
carr/y. 


Oil 








AQL0E 


AQ is left shifted (N) bits, with entered at 
least significant bit in Q. 


11 


1 





AQLEA 


AQ is left shifted (N) bits, with end-around 
carry. 



NOTE: External shift operations are controlled by same node 
lines as the A register. 
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SCALE OPERATIONS 

The scale operations are similar to the shift operations but the stopping of the shift is 
conditioned on bits and 1 of A not being equal. (The scale point is normally between 
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between different bits in the A register if necessary for efficient floating point 
emulation.) The maximum number of bits to scale is contained in the N register, and, 
on completion of the scale, N is decremented by the number of shifts which were 
necessary to scale the number. 

The scale operation is performed as follows: 

1) Examine N; if it is zero, exit the microinstruction. 

2) Examine bits and 1 of the A register; if they differ, exit the 
microinstruction . 

3) Shift the A or AQ register left by one bit position as specified in the 
instruction. 

4) Decrement the N register by one count and go to step i. 

The scale operation is coded the same in bits 7 through 12 of the microinstruction 
and allows the same left shift options as the shift command. The same comments 
on exiting the shift and the usable T field codes apply to the scale operation. 

All scale operations are performed with an F code of 11111. The type of shift for 
the scale is determined by bits 7 through 12 of the instruction. The scales are 
given in Table 3-5- 

TABLE 3-5. SCALE OPERATIONS 



Bit Code 


Mnemonic 


Operation 


7 8 9 


11 


12 


10 








SLOE 


A is scaled left, with entered as least 
significant bit. 




10 





1 


SL1E 


A is scaled left, with 1 entered as least 
significant bit. 




10 


1 





SLEA 


A is scaled left, with end-around carry. 




1 1 








SDL0E 


AQ is scaled left, with entered as least 
significant bit in Q. 




1 1 


1 





SDLKA 


AQ is scaled left, with end-around carry. 
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3. 3.1.1. 3 A Field {Bits 7 through T> 

The A field specifies the input to SI and thus to the A side of the ALU. The eight 
A codes are expanded by eight A' codes by placing 1010 or 0111 in the SI field. 

The eight A inputs to SI and to the A side of the ALU are indicated when the SI 

field is not 0111 or 1010; the eight A codes specify inputs from the files, the registers, 

or main memory, according to Table 3-b. 

TABLE 3-b. A INPUT OPERATIONS 



A Code 



000 



Mnemonic 



F2 



001 
010 
011 
100 
101 
110 



111 



P 

I 

X 

A 
F 
Fl 



MEM 



Operation 



Use contents of file 2 register as A source input. 
Current value of N register is used to address 
register file 2. If value of N is changed in 
current microinstruction, its initial value is used 
to reference file register. 

Use contents of P register as A source. 

Use contents of I register as A source. 

Use contents of X register as A source. 

Use contents of A register as A source. 

Use contents of F register as A source. 

Use contents of file 1 register or 
external source as A source. Cur- 
rent value of K register is used to 
address register file 1- If value of 
K is changed in current microinstruc- 
tion, initial value of K is used to 
reference file register. 



Obtain data read from main core memory and use 
it as n source. 

RESTRICTION: A main memory READ command rust be 
<?iven in the preceding microinstruction. Thir 
command is restricted to a microinstruction with 
tyne A, P or C , execution time. 
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The eight A' inputs to SI and to the A side of the ALU are indicated if the Si 
field is Oiii or 1010. The A- codes specify input from the SM registers or mask 
registers. ihe A' codes are given in Table 3-?. 



A» Code 



000 
001 

010 
011 

100 

101 
110 

111 



TART P "P— 7 . At rvrT-»TTrn nnnn * m*^-.-,-. 



Mnemonic 



SMI 
Ml 

SM2 
M2 

A, *p v g 

A* 
X* 



Q* 



Operation 



Use contents of SM register 1 as A source. 

Use contents of interrupt mask register 1 as 
A source. 

Use contents of SM register 2 as A source. 

Use contents of interrupt mask register 2 as 
A source input. 

Use contents of double precision A* register, 
shifted right eight bits with end-around carry, as 
A source. A* register remains unshifted. 

Use contents of double precision A* register as 
A source. 

Use contents of double precision X* register as 
A source. 

Use contents of double precision Q* register as 
A source. 



3.3.1.M.M B Field {Bits 10 through 121 

The B field specifies the input to S2 and thus to the B side of the ALU. The 11 
possible B codes are expanded by the seven B' codes when the S field contains 1000. 
The N and RTJ codes are controlled bv hits 2fi an A ?q f™™ «, D n r,~i,i 

The 11 B inputs to S2 and thus to the B side of the ALU are indicated if the S field 
is not 1000. Code 001 of the B field is expanded by the use of bits 28 and 29 of 
the microinstruction for enabling the N or RTJ register to S2. This use of bits 28 
and 29 is independent of the other use of the C field, and thus, by judicious use 
of commands in the C field, the input for the N and RTJ may be used in conjunction 
with commands or constants in the C field. The codes for B inputs are riven in 
Table 3- fl. 



The B' inputs are specified in the B field when the S field contains 1000. 
and actions are given in Table 3-1. 



The codes 
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TABLE 3- fl. B CODES 



B Code 



000 

001 
001 

001 

001 



9.8 9Q 



010 



1 1 

1 

1 





011 
100 
101 
110 

111 



Mnemonic 



f2 



ZERO 



N 



RTJ 



N.RTJ 



BG 



X 

Q 

F 
Fl 

lVIJLiVl 



Operation 



Use contents of file 2 register as B source. 
Value of N register, before instruction is 
executed, is used to address register file 2. 

B source is all zeros. 

Use contents of N register as B source. Since 
N is 8-bit register, this source uses N as upper 
eight bits and zeros as lower bits. 

Use contents of RTJ register as B source. Since 
RTJ is 8-bit register, upper bits are zeros and 
(RTJ) serves as lower eight bits. 

Use contents of N and RTJ registers as B source. 
These registers are combined, with N register 
as upper eight bits of source and RTJ as lower 
eight bits. All other bits (if any) are zero. 

Use contents of BG register as B source. This 
register has only one bit set to 1, and position 
of bit in BG register is specifiable. Position 
is specified either on value in the N register or 
by number in C field, depending on state of 
controlling SM register bit. 

Use contents of X register as B source. 

Use contents of Q register as B source. 

Use contents of F register as B source. 

Similar to F2, but uses the contents of file 1 
register addressed by (K) as B source. 



1 *_- 



reau ix-um main core memory ana uses 
it as B source. 

RESTPICTJON: A pain memory PEAD compart must 
be^piven in the nrccertinp microinstruction. 
Thin command (MEM) is restricted to a micro- 
instruction with Type A, B or C, execution 
"t i m« . 
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TABLE 3-T. B' CODES 



B' Code 


Mnemonic 


Operation 


000 


OPEN 




001 


K 


Transfer the K register to the eight 
LSB's of S2. 


010 


INRD 


Input data/status from 1/0 channel. 


Oil 


INRS 


Input to 55 1/0 response signals- 


• "- 
100 


MMU 


Transfer upper 16 bits of data from micromemory 
to X register in 16-bit MPP; 32-bit MPP transfers 
total 32-bit word. F field must make a reference 
to B source. Address is specified by trans- 
form or NK. "D" field must be a NOP. 


101 


MML 


Same as above, but takes lower 16 bits of data in a 
16-bit MPP. 


110 


INTA 


Use contents of interrupt address encoder 


or 




as B source. The output of this encoder 


111 




represents the complement of the interrupt 
address of the highest priority interrupt 
line active having it's corresponding 


» 




mask bit set. 

RESTRICTION : A IWTU test comma-id must be 
given in the preceding microinstruction. 
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'3.3-l.M.S D Field -CBits 13 through 1S> 

The D field specifies the destination of information from the main org; .tion of the 
MPP. There are four sources of this information as follows: 

• An optionally shifted ALU output. This shifting occurs in the S3 shift 
network that connects the ALU output to the P, A, F, X, or Q registers 

• The output of the ALU 

• The A source 

• The B source 



All D destinations except the I register are optionally shiftable by S3 when specified 
by a code in the C field or by the L8EA command in the SI field, if the alternate 
codings, D' or DD", are not specified. The I destination differs from the others 
in that the output of the A source is the input to the I register. The codes and 
their operations are given in Table 3-lCU 

The D" destinations are specified by the D field if the SI field is set to 1001 or 1010. 
The codes and action are given in Table 3~11. 

The D" destinations are specified by the D field if the SI field is set to 1011. These 
destinations transfer data to the double precision logic from SI. The codes and 
actions are given in Table 3 - lc?. 

The DD" option allows the performance of an operation on A, X, or F; this changes 
the register, but keeps a copy of the original register in a double precision register. 
This is another way of getting data to the double precision registers. The DD" option 
is specified when the S field contains 0001. Table 3- 13 lists the DD" codes and their 
operations. 
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TABLE 3- 10. D CODE TRANSFERS 



D Code 


Mnemonic 




000 


NOP 


Do not transfer data to any destination. 


001 


P 


"" Transfer output of S3 to P, AB 


010 


I 


Transfer output of SI to I , AB 


Oil 


Q 


Transfer output of S3 to Q, AB 


100 


Fl 


♦Transfer output of S3 to F register? AB, and write 
this data in file 1 at address specified 
by K at completion of this instruction- 


101 


A 


Transfer output of S3 to A » A B 


110 


X 


Transfer output of S3 to X> AB 


111 


F 


Transfer output of S3 to F, AB 



*NOTE 

The writing of data into the file 1 register takes place 
during the first part of the next microinstruction and takes 
advantage of the updated value of K from this microinstruction. 
Also, the next microinstruction must not specify a read of 
file 1. 



**NOTE 

If a D field command to load the AB is issued 
in the next microinstruction following the 
microinstruction with this command, the transfer 
to AB is inhibited. 
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D' Code 



DDD 
0D1 

DID 



Dll 

1DD 
101 
110 
111 



Mnemoni c 



IOD 

IOA 

firm 



Hi 
SMI 
M2 
SHE 



Operation 



Transfer output of S3 to I/O Data Register. 

Transfer output of I/O Data Register to I/O 
Address Register. Destroys contents of I/O 
data register. 

Transfer output of S2 to upper lb bits of 
micromemory in lb-bit MP, or transfer output 
of S2 to 32-bit word in micromemory in 32- 
bit HP. 

Tr»an c?-F(=»»~ qi t t-ni it- o-f ^ P -t-^ n^r«>« ■» L u;*.^ ~-c 

-■-*■■— — ■ i-« <.(-v* v w> wi_ i_vj i^j wt_ i jjb l_/ i L C> O 1 

micromemory location in lb-bit HP. 
Transfer output of ALU to mask register !• 
Transfer output of ALU to SM register 1- 
Transfer output of ALU to mask register 2. 
Transfer output of ALU to SM register 2- 



NOTE 



Outputs to the mask and SM registers are 
direct from the ALU and are not shiftable. 



AA4A7' 



d 

7 



CONTROIDAIA 



CORPORATION 




88786800 
01 

6/13/73 



TABLE 3-12- D" CODE TRANSFERS 



D" Code 



000 
001 

010 

011 

100 
101 
110 

111 



Mnemonic 



NOP 
A*LHW 

X*LHW 

Q*LHW 

NOP 

A* 
X* 
Q* 



Operation 



Do not transfer data to any destination. 

Transfer output of SI to A* register, shifted left 
one-half word, with end-around carry. 

Transfer output of SI to X* register, shifted left 
one-half word, with end-around carry. 

Transfer output of SI to Q* register, shifted left 
one-half word, with end-around carry. 

Do not transfer data to any destination. 

Transfer output of SI to A* register. 

Transfer output of SI to X* register. 

Transfer output of SI to Q* register. 



TABLE 3 -!3. DD" CODES 




Operation 



Transfer output of S3 to A register, and transfer 
output of SI to A* register. 

Transfer output of S3 to X register, and transfer 
output of SI to X* register. 

Transfer output of S3 to F register, and transfer 
output of SI to Q* register. 
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3. 3. 1-4. b T Field {Bits lb through lfl> 

The purpose of the T field is to select the upper or lower microinstruction of the 
next microinstruction pair to execute. The selection of the next microinstruction may 
be a conditional selection or an unconditional selection, depending on the T field code. 
This field is available to all addressing modes in addition to I/O operations. A 
conditional selection may test the ALU output, the value of certain registers, certain 
internal conditions such as interrupts, and particular bits wired to the transform 
board. The only exception to these uses of the T field is when micromemory data 
is being read or written; in these cases, the T field is used as part of the micro- 
memory data reference address and the upper instruction in the next sequential 
microinstruction pair is always selected. 

The T field codes consist of two groups, T codes, and T T codes. Similarly to the A, 
B, and D fields that are extended by using the S field, the T field is always extended in 
the following sense. Bit 24 of format 1 microinstructions is either or 1 if T or T', 
respectively, is specified. The T 1 codes are available only for the return and 
sequential addressing modes (format 1). The T/T' codes select the upper or lower 
portion of the next microinstruction pair as the next microinstruction to execute. The 
T codes are listed in Table 3- 1 4. i the T' codes are listed in Table 3~l£. 
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T Code 



000 

001 
010 
011 



Mnemonic 



U 
L 
KZU 



** 



100 



NZU 



** 



101 



INTU 



110 



111 



NU 



ZL 



TABLE 3-m. T ADDRESSING MODES 



Operation 



execute lower microinstruction of this microinstruction pair 
as next microinstruction. This operation overrides M field 
addressing mode. 

Execute upper microinstruction of next microinstruction pair. 

Execute lower microinstruction of next microinstruction pair. 

If initial contents of K register is zero, execute upper 
microinstruction or next microinstruction pair; otherwise, 
execute lower microinstruction of next microinstruction pair. 
If decrement K command is included in same microinstruction, 
K will contain all ones on satisfying zero test. 

If initial contents of N register is zero, execute upper micro- 
instruction of next microinstruction pair; otherwise, execute 
Lower microinstruction of the next microinstruction pair. 
If decrement N command is included in same microinstruction, 
N will contain all ones on satisfying zero test. 

If there is an interrupt and its corresponding interrupt mask 
bit is set, execute upper microinstruction of next microinstruc 
tion pair; otherwise, execute lower microinstruction of next 
microinstruction pair. 



If sign bit of ALU output is negative on completion of this 
microinstruction, execute upper microinstruction of next 
microinstruction pair; otherwise, execute lower micro- 
instruction of next microinstruction pair. 

T"f nntpilt r\f A T TT 4o nr*v n ~« * 1-4--' r «» • 

-. — t^u. „i .._w ic i C ru uD vuniiJietion of mis instruction, 
execute lower microinstruction of next microinstruction 
pair; otherwise, execute upper microinstruction of next 
microinstruction pair. 



** 



NOTE; 



Restriction - These T field commands can not be used 
in microinstruction with a C field INCK or INCN command 
respectively. 
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T" Code 



Mnemonic 



uuu 



001 



LQL 



010 



K7L 



Oil 



0VFL 



100 



101 



BTU 



LQ*L 



110 



111 



COL 



Z*L 



TABLE 3- IS. T' ADDRESSING MODES 



Operation 



Execute lower microinstruction of this microinstruction pair. 
This operation overrides M field addressing mode. 

If, at start of this microinstruction, least significant 
bit of Q is 1, execute lower microinstruction of next micro- 
instruction pair. Otherwise, execute upper microinstruction 
of next microinstruction pair. 

If the LSB of K register is set execute lower 
of next micro-instruction. If clear execute 
upper microinstruction of next microinstructio: 
pair. 

If overflow exists execute lower microinstruction 
of next microinstruction pair, if not execute 
upper microinstruction of next microinstruct-.cit 
pair. 

Bit test. Lower order four bits in C field of this micro- 
instruction specify a setting of bit test selector. If bit at this 
position is 1, execute upper microinstruction of next micro- 
instruction pair; otherwise, execute lower microinstruction of 
next microinstruction pair. 

Bit test is general purpose testing facility that allows wiring 
any bit of organization available on machine's backpanel to bit 
test selector. This wiring is defined on transform board. 



If, at Start of this microinstruction, least significant bit 
of Q* is 1, execute lower microinstruction of next micro- 
instruction pair; otherwise, execute upper microinstruction of 
next microinstruction pair. 

Carryout lower. If as result of arithmetic operation, there is 

carryout ot aj_,u, execute lower um;ruuiouui,nv.i ^* "~ — 

instruction pair. Otherwise, execute upper microinstruction of 
next microinstruction pair. 

This instruction allows a test for carryout of ALU during 
multiple-precision arithmetic. 

Same as ZL (Table 3-l¥, except ALU* is tested. 
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3.3.1.4.6 Subformat select Bit (Bit 19) 

~~ *~~~ *"w .— ^-.^w ww t k^ii^l. VUJ.XUI LUli^ JLJLA i.*«l JL ll'.d I- X ailU 

format 2 decoding or the choice of addressing the N or K 
register in format 3. 

3.3.1.4.7 S Field (Bits 20 through 23) 

The S field of the microinstruction is used to specify a special 
command (including alternate codings in the A, B and D fields) , 
in addition to page or constant information (as required by 
the code in the C field) . The following S codes specify actions 
which take place at the same time as the ALU operation spec- 
ified in the F, A, B, and D fields. The codes and operations 
are given in Table 3-16. 

TABLE 3-16. S FIELD CODES 






0000 
0001 
0010 



NOP 

DD 

RPT 



Ops ic 3. t ion 



0011 



READ 



No operation for S field. 

Alternate D field coding, D' . 

If N register is not equal to zero, selection 
of next microinstruction pair is inhibited 
and current microinstruction pair is next 
microinstruction pair. N register is 
decremented by one. Normal T field 
selection applies. If N register is equal 
to zero, normal next microinstruction pair 
is used. 

Read main memory command. Read word from 
main memory at address contained in Address 
Buffer (AB) . Instruction execution is 
delayed until a resume is received from 

TYl#=»TTir^VX7 anVnrtT.TldHrrl nrt i"t*~»TriTn-a T1 rl 
*••-*— «.«^ .■. jr awJ>nvir^vUMJ.ll^j V«Ull!lLlUllUf 

Restrictions: AB must be loaded in a previous 
microinstruction (D field command) . If D 
field command reloading AB is issued in 
same microinstruction as READ command, the 
new data will not be loaded into AB until 
completion of read portion of cycle. A READ 
command can only be given in a micro- 
instruction with type A,B, C or D execution 
time. Memory data must be input to system in 
following microinstruction with type A,B, 
or C execution time only. 



.*-'/ 



CONTROiDATAI 



CO R'POR-ATH^N* 



tvjcbi rsj e:e:fri r\ic3 
iric/xtioinj 



SMALL COMPUTER 
DEVELOPMENT DIVISION 



NO. 
DATE 
PAGE 
REV. 



TABLE 3-16. S FIELD CODES (Continued) 



S. Code 


Mnemonic 


Operation 


0100 


WRITE 


Write main memory. Transmit output of S3 
to main memory as data to be written at 
address contained in Address Buffer (AB) . 
Instruction execution is delayed until a 
resume is received from memory acknowledging 
command. Data is stored in memory at 
completion of this instruction. 
RESTRICTIONS: AB must be loaded in a 
previous microinstruction (D Field 
Command) . If D field command reloading AB 

*i c *i ccno^ -i r\ cama TT.X C! rOXH S t rUCt XQn 3S 

WRITE command, the new data will not be 5 
xoaded xnto AB unti± compxetxon Ci WRuti 
portion of cycle. 
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S Code 


Mnemonic 


Operation 


0110 


F2WR 


Write data contained in F register into file 2 at address 
specified by contents of N register at beginning of current 
microinstruction. Actual writing takes place during first part 
of instruction. 




0111 


AP 


Alternate A field coding, A'. 




1000 


BP 


Alternate B field coding, B'. 




1001 


DP 


Alternate D field coding, D\ 




1010 


APDP 


Alternate A and D field coding, A'D'. 




1011 


DPP 


Alternate D field codin"" D". 




1100 


n A TT-T 

VJX1 AJjI 


Gate output Oj. ox lO x register. 




1101 


HALT 


If halt bit of SM register is 1, stop operation of MPP on 
completion of this microinstruction. When start signal is 
received, continue with next microinstruction specified by 
addressing mode and T field. If halt bit is 0, continue 
with microinstruction sequencing. 




1110 


RTJ 


Transfer address of next sequential microinstruction pair to 
RTJ register. This is done regardless of actual addressing 
mode used in this instruction. 




1111 


CLRNP 


Clear N register and page register. 
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3.3.1.4.8 C Field (Bits 24 through 31) 

The C field is used to specify an additional special operation, 

an a/^Hvocc -Fmr a -1 nnm r\v a r*r\in> e+- an +- -F^v- e? ^ 4- 4- -i n »-«• +-Vk~» V ^^*» KT 

register. Bit 24 in format 1 specifies the T field inter- 
pretation. 

The codes for this field are listed in Table 3-17. 



TABLE 3-17. 



C CODE ACTIONS 



C. Code 



OOxxxxx 



0100000 
0100001 
0100010 
0100011 



0100100 



0100101 



0100111 



Mnemonic 



WRCH/0 
WRCH/1 
WRCH/2* 
WRCH/3* 



RMW 



WRHW0 • 



WREW1' 



Operati on 



xxxxx is a constant for use in driving bit 
generator or in any other commands using 
lower five bits of instruction for control. 

Write 8-bit character specified from output 
of S3 at memory address specified by output 
of AB . See WRITE command in S field for 
details of operation and restrictions. 
Character is bits through 7 (MSB's); 
character 1 is bits 8 through 15, etc. 
Remainder of word in memory is unchanged. 
Character is not repositioned in WRITE 
command . 

READ MODIFY WRITE - Perform a read of 
information from main memory in same manner 
as READ instruction in S field. Memory 
system will perform a read cycle and lock up 
before performing write cycle. Memory must 
be forced to complete write cycle by 
issuing WRITE instruction, using same 
address, before it will respond to any other 
read operations. 

Write bits through 15 (MSB's) from output 
Of S3 at memorv address spprifipri Vw rm-t-nnt- 
of AB. Bits 16 through 31 in memory are 
unchanged. See WRITE command in S field for 
details of operation and restrictions. 

Write bits 16 through 31 (LSB's) from output 
of S3 at memory address specified by output 
of AB. Bits through 15 in memory are 
unchanged. See WRITE command in S field for 
details of operation and restrictions. 
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TABLE 3-17= 



C CODE ACTIONS - Continued 



"! ,_ 



0101000 



Ollxxxx 



WRPB 



uperation 



WRITE PROTECT BIT - See protect system 
discussion (Appendix 1). 

Open 



*NOTE: Commands applicable to 32-bit processor only. 
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TABLE 3-17. C CODE ACTIONS (Cont.) 



C Code 



Mnemonic 



Operation 



1000101 

1001101 

1000100 

1001100 

1000000 

1001000 

lOlxxxx 

llOxxxx 

1110000 

or 
1110001 

1110011 
1110010 
1110100 
1110101 



INCK 

ENCN 

DECK 

DECN 

CLKK 

CLRN 

SETF/j 

CLRF/j 

RQLXN 



RQR1E 



RQR0E 



RL0E 



RL1E 



Increment number contained in K register by one. 

Increment number contained in N register by one. 

Decrement number contained in K register by one. 

Decrement number contained in N register by one. 

Clear K register. 

Clear N register. 

xxxx is value of j, from to 15. Set SM register flag j to 1. 

xxxx is value of j, from to 15. Clear SM register flag j to 0. 

Destination register (P, A, F, or X) and Q register are con- 
sidered as one double-length register with Q register as lower 
order bits. Combined register is shifted left one bit position 
with complement of ALU sign bit entered into lowest bit position 
of Q register. 

Shift combined destination and Q register right one bit, and 
enter 1 in sign position of destination register. This command 
is used in multiply iteration. 

Shift combined destination and Q register right one bit, and 
enter in sign position of destination register. This command 
is used in multiply iteration. 

Shift destination register left one bit, entering in lowest bit 
position of the register. This operation can not be performed 
when Q is destination register. 

Shift destination register left one bit, entering 1 in lowest 
bit position. This operation can not be performed when Q is 
destination register. 
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TABLE 3-17. C CODE ACTIONS (Continued) 



C CODE 



1101111 



MNEUMCNIC 



OPERATION 



1110110 RROE Shift destination register right one bit, 

entering in sign position of register. 
This operation can not be performed when 
Q is destination register. 

RR1E Shift destination register right one bit, 

entering 1 in sign position. This operation 
can not be performed when Q is destination 
register. 

The following transform codes have a 1 in bit 19 to 
specify the S2 ' format. 

See discussion of transforms and transform module 

I 
OOOxxxx I 



OOlxxxx 



OlOOxxx 



- - - x -/ j 



YYVY — -i T.T-i ■»->-! ir;1ro 



OlOlxxx 



., . . from i_o Id. Obtain 

next microinstruction pair from address 
specified by MA transform selector setting j 

TMAK/ j xxxx = j , from to 15 . Obtain next 

instruction pair from address specified by 
MA transform selector setting j. Also, 
set K register to value specified by K 
transform selector setting j . 

GITMAK/j Gate output of main memory to IXT register 
[on transform module) and perform TMAK/j 
operation. Note that j = xxx with values 
of to 7. 

Restrictions: This command must be executed 
in the microinstruction following a READ 
command. This command is applicable only if 
transform module is configured with IXT 
register. 

GITMAK/xt Gate output of main memory to IXT 

Register (on transform module) and perform 
a transform of the upper 16-bits of MIR 
and select one of eight transforms of MA 
from the decoded and encoded macro instruc- 
tion loaded into IXT. 

Restrictions: This command must be executed 
in the microinstruction following a READ 
command. This command is applicable only 
if configuration includes the required 
specialized transform module hardware. 
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TABLE 3-17. C CODE ACTIONS (Continued) 






Ollxxxx 



lOOxxxx 



TK/j 



TN/j 



xxxx = j , with values from to 15. Set 

K register to value specified by K transform 

selector setting j . 

xxxx = j, from to 15. Set N register to 
value specified by N transform selector 
setting j . 



The following two codes are used if the optional 
program protect logic is included. 



lOlxxx 



SUB 



llOxxxx; SLB 



Upper bounds - transfer output of S3 to 
upper bounds reaister in main memcrv 
interface. 

Set lower bounds - transfer output of S3 
to lower bounds register in main memory 
interface. 



The following format 3 codings are for setting the K and N register; this format has the 
M field bits and 1 set to 11, while bit 19 selects the register. 



Value 



Value 



K = value 



N = value 



When microinstruction bit 19 = 0, transfer C field value 
(bits 24 to 31) to K register and execute next sequential micro- 
instruction pair. 

When microinstruction bit 19 "= 1, transfer C field value 
(bits 24 to 31) to N register and execute next sequential micro- 
instruction pair. 



The following format 2 codings in the C field are used to perform a jump, specified 
if the M field (bits and 1) is 10. 



Number 



Number 



Number is address of next instruction pair. If page jump is 
required (bit 19 = l), s field contains page setting instead of 
S field code. 
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3.3.1.5 Microinstruction Timing 
3.3.1.5.1 Microinstruction Classes 

The basic CPU microinstruction execution time is 168 
nanoseconds. Some microinstructions have longer execution 
times to allow certain operations to be completed. The 
microinstructions have been grouped according to execution 
times as typ A, B, C, E, E and Gas shown in Table 3-18 



6/ 



TABLE 3-18. MICROINSTRUCTION 
EXECUTION TIME 



MICROINSTRUCTION TYPE 


EXECUTION TIME 


IN NANOSECONDS 


A 

R 

c 


168 
224 
280 




u 

E (Shift or 
Scale) 
F (Micro - 


336 
280 

448 


+ 55n (where n is 
number of shifts) 


memory 
read/write 
operand) 
G (Read/Write 

main memory) 


380 


(typical) 



The classification of microinstructions is shown in 
Figure 3-1. This figure provides execution time by 
types for all legal combinations of micro commands which 
extend the basic cycle time. 



Exception to the execution times as listed in Figure 3-1 
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FIGURE 3-1 
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READ/WRITE MAIN MEMORY 
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READ/WRITE MICROMEMORY OPERAND 



u 



SHIFT OR SCALE 
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ONE'S COMPLEMENT ARITHMETIC 












1 
1 
1 
1 
1 
1 
1 
1 



X 



ADD OR SUBTRACT 








u i u 
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i 
l 
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i 






1 
1 

il 
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X 



TMA, TMAK, GITMAK 




A' 


, B" , NU, ZL, COL, Z *L 




INSTRUCTION TIME 










A 







1 


B 




X 


u 


C 




1 


1 


C 










B 







1 


C 




1 





c 




1 


1 


c 










A 







1 


B 




1 





C 




1 


1 


c 










c 







1 


D 




1 





c 




1 


1 


D 










E 




1 
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F 




X 


X 
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. The combination of one's complement arithmetic with an 
ADD+ or ADD+T arithmetic operation is classified as a type B 
rather than a type C. 

. The MMU and MML B' commands are included under Read/Write 
micromemory operand commands; therefore, they are a type F rathe 
than a type B. 

. A type G microinstruction followed by a microinstruction 
with a GITMAK command (C field) has an additional execution 
time of 190 nanoseconds (typical) ; thus the total execution 
time becomes 5 70 nanoseconds. 

3.3.1.5.2 Microinstruction and Memory Timing 

Analysis of a microprogram for execution time starts by 
classifying each of the microinstructions as Type A,B,C,D, 
E, F or G. This is done by using the microinstruction 
classification table or by examining the assembler output 
listing. 

Each microinstruction with a main memory read or write 
command has a 380 nanosecond (typical) execution time regard- 
less of the type of cycle (assuming no DMA activity on main 
memory interface). However, type E and F microinstructions 
cannot contain a main memory reference command. An additional 
execution time of 190 nanoseconds (typical) is required on 
all read commands followed by a microinstruction containing 
a GITMAK command. 

The total execution time required is then calculated from 
main memory command to main memory command. If the total 
time, starting with a microinstruction with a read or write 
command and including all microinstructions up to the follow- 
ing read or write command is less than the memory cycle time 
(600 nanoseconds) , take 600 nanoseconds as the execution 
time for that sequence. If the total time is greater than 
600 nanoseconds, the execution time for that sequence is 
the calculated time. 



As an example the execution time for a microprogram sequence 
would be calculated as follows: 
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INSTRUCTION TYPE 



SE 






IMS (nanoseconds) 



G 
A 
C 


(MEM 


REF) 


G 
A 


(MEM 


REF) 


G 

6 


(MEM 
(GIT 


REF) 
MAK) 


G 

A 
F 


(MEM 


REF) 




828 



600 (548<600) 



1074 (380 + 190=570) 



996 



G (MEM tit^f) 



280 



3.3.1.6 Micromemory Operand References 

The MP17 has the capability of transferring information 
between the micromemory and the registers of the 
processor. The transfer from the register to the micro- 
memory is possible only if the micromemory is a read/write 
micromemory . 

Micromemory is addressed as one to 16 pages of 256 words 
each, where each word is 64 bits and is divided into an 
upper 32-bit and lower 32-bit word. A 32-bit processor 
can reference 32 -bit micromemory words by specifying page, 
address and upper or lower microinstruction. A 16-bit 
processor can reference only 16 bits at a time and an 
additional specification of the upper or lower 16 bits of 
each 32 bit micromemory half word is required to address 
all bits of micromemory. 



Microinstructions for micromemory 
be an upper or lower microinstruct 
instruction executed following the 
instruction is always the upper mi 
next sequential location. Microin 
a micromemory operand do not have 
page as the micromemory operand be 
the combined N/K register is used 
operands. 



operand references may 
ion; the next micro- 
referencing micro- 
croinstruction of the 
struction referencing 
to reside in the same 
ing referenced, when 
to reference the micro- 
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The micro commands for eading and operand from micro- 
memory are coded in the B' field as MMU and MML; the 
micro commands for writing an operand into micromemory are 
coded in the D ! field as MMU and MML. 

Two addressing modes are available for operand references via 
status mode bit 113 (SM113) as follows: 

SM113 = 0: The contents of the combined N/K registers is 
used to reference micro operands as indicated. The least 
significant bit of K (Bit 07) determines which 32-bit 
half word is referenced via T' code 010. 



N REG" 



'1 

03 04 05 06 07 



(- PAGE ^ 



K REG- 



00 01 02 03 04 05 06 07 



64-bit word 



#- 



TB 



SMM113=1: An MA transform via S5 determines the 64-bit word. 

The 32-bit half 
word to be referenced must be selected by a T field test. 



r— PS REG. 
X X X X 



k-PAGE- 



-i 



S5- 



00 01 02 03 04 05 06 07 



-64-bit word- 



"7 



XXXX = Page in which referencing microinstruction resides. 
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3-3-2 



n Memory 

n memory is made up of SK stacks of core memory, 
s SK memory stack is configured on an 11 ■ , '' x 14 * * 



I Id 1 

Thi 

printed circuit board which requires two 
spaces. The basic cycle for this memory 
seconds for a read restore cycle and 70D 
for a read-modif y-wr i te cycle. 



O.^S'- 1 card 
is bOD nano- 
nanoseconds 



3.3.2-1 



Main Memory Mini Configuration 



x Mini Configuration -Cfi to 32K3-. Maximum 

memory size 32K only, 1 CPU allowed, 1 bank, 
only one reference at a time. 



CPU 



A to 32K 
1 Bank 



DMA 



2 ports 



-+ DMA #1 

-* DMA #2 

-+• DMA #3 

-♦ DMA #4 

-». DMA #5 



5 sub-ports 



Mini Addressing 



Indirect 

Address 

Bit 



s/ 

15-Bit Address of 
DDDD Ub} to 7FFF lb 



Figure 3 



The mini memory configuration is a l-bank 2-port memory 
with memory size options of fi, lb, 24, or 32K- 1 bank 
signifies only one reference may take place at one time 
2 ports signifies two independent data and control 
paths exist to the memory and either of the ports may 
request memory independent of any operation currently 
underway on the other port. The ports are CPU and DMA. 
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3.3.2-1.1 



CPU Port 



"1 1 1 1 +■ "I r~\ 1 ■ v\r 



CPU data lines to Memory: These lb 
lines from the CPU to Memory Interface -CCPU-DOl 
through Dlb} are used to transmit information as 
follows: {4TTL Loads Max.} {D0l = LSB--, Dlb=MSB} 



IS Address Bits -CCPU MAB 1 through MAB IS} 

The most significant bit is ignored, thus 

MAX addressing of 32K is determined by the 

IS bit address. The IS address bits are loaded 

into a buffer register by the LOAD ADDRESS 

control line. The desired CPU address must be 

loaded prior to initiating a CPU memory request. 

IS Bit Bounds Address - The bounds registers 
are used to override the protect operation when 
a CPU address is less than the uD°er bound and 
greater than the lower bound. Uhen this condi- 

t"Tnn nrrifr r , +* Kp mom t-\y*\ s t—.y~r^+-c3s-+- K ■? +- T -? 1— o ^ >— 

_ . W . J « ^ „_ *_* , WT %_ii^. HlCiuul ^ *-» I KJ ^ t^ ^ l» U i l» i lilt 1^3 

forced false and the CPU protect line is forced 
true within the memory interface. Therefore, 
all instructions read are unprotected and all 
writes are protected- The bounds are as follows: 

1> IS Bit Upper Bound Address - The IS bit 

upper bound address is loaded into a buffer 
register by the load upper bound control 
line. It can be loaded any time except dur- 
ing a CPU memory cycle- The most signifi- 
cant bit, CPU Dlb, is not used. 

2> IS Bit Lower Bound Address - The IS bit lower 
bound address is loaded into a buffer regis- 
ter by the load lower bound control line. 
It can be loaded any time except during a 
CPU memory cycle. The most significant 
bit, CPU Dlb, is not used. 

lb Normal Write Data Lines - -CNonsplit Cycle} 
These lb write data lines used fornormal non- 
split cycle write operations must be stable 
within 100ns after the leading edge of CPU 
memory request- They must remain stable until 
CPU early data resume. This requirement applies 
to word, character, and protect bit writes- 
For character write operation, the CPU must 
place the desired character in the required 
character or character 1 position- 
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d . lb Data Lines - Split Cycle Write 

These lb write data lines used for the split 
eye ic write operations must be stable within 
iDns after the leading edge of write -Csplit 
cycle initiate} • These lines must remain stable 
until 25ns after the leading edge of CPU early 
data resume following the leading edge of the 
write line. This requirement applies to both 
word and character split cycle writes- For 
character write operation, the CPU must place 
the desired character in the required charac- 
ter D or character 1 position. 

lb Data Lines from Memory -CDFM01 through lb> {DFM 
Dl = LSB, DFM lb = MSB>. These lines are, for all 
memory operations, common lines for both CPU and 
DMA. These lb data lines from memory are stable 

.=> mayi'miim r-»-f- 1 Z)3nr* af f n r -l-Kr-* 1 .-* -> A ' ~ ~ ~ ,J -_-. — -C /T»t 
w. iiIua iiiiuin >_<! jii_:_:!^ <— i i c^( um^ icaumy cuyc i_ll \_ru 

early data resume and a maximum of l?ns after the 

ieaaing eage 01 CPU memory aata resume. 



For a read cycle, data 
minimum of 3M0ns after 
memory data resume- 



shall remain stable a 
the leading edge of CPU 



b. 



For a normal write cycle, data shall remain 
stable a minimum of SOns for word write and a 
minimum of 150ns for character write after the 
leading edge of CPU memory data resume. 

c For split cycle write cycles, data shall re- 
main stable a minimum of 150ns after the lead- 
ing edge of CPU write -[slit cycle initiate} 
for both word and character split cycle write. 

CPU Memory Request Line -CCPU-REfl} 
This line requests a memory cycle- CPU-RE<2 goes 
true asynchronously to memory operation- DMA-CPU 
request resolution i !=: UAn«; minimum - RQnc? n nr mal - 
12Tns maximum to initiation of the memory cycle- 
CPU-REQ must go false within 50ns after the lead- 
ing edge of CPU memory data resume- 



CPU Early Data Resume line -CCPU EARLY DS} 

a- For read, normal write and read portionof split 
cycle operations, this status line from the 
memory to CPU is used for an early data resume 
to optimize CPU performance. CPU early DS goes 
true minimum T5ns - normal 105ns - maximum lEZns 
before memory data is stable. It is a 50ns pulse 
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For write portion of split cycle operation » 
CPU EARLY DS, goes true after the leadinq 



S "3 S o> write-Csplit cyclt: initiate} -CBlQns 



normal}. This line is a split cycle write 
resume to the processor. CPU data to memory 
must remain stable for 5Sns after leading 
edge of CPU EARLY DS before changing. It is 
a 50ns pulse. 



CPU Memory Data Resume {CPU HDS} 

This status signal from memory for all operations 
signifies a data resume. Data from" memory will 
be stable -Cat the memory interface} 17ns maximum 
after the leading edge of CPU-flDS. It is a SDns 
pulse. The leading edge of CPU-flDS occurs 255ns 
minimum - SbOns normal - EbSns maximum after a 
memory stack cycle is initiated- 

Character Mode Operation 

a. Read Character - Uhen character and character 
1 lines are both false, a read word operation 
is indicated. The CPU must select character 
or character 1 as required for its character 
mode read. Character D = DFM CH through 
character 1 = DFn Dl through DS 



It,: 



Write Character - Uhen character is true, 
the memory will store CPU- DDT through Dlb 
when no fault exists. Uhen character 1 is 
true, the memory will store CPU-DOl through 
CPU-DOfl when no fault exists. If both are true, 
word write is specified. If only one is true, 
character write is specified and the corres- 
ponding memroy data for the character line false 
is restored in memory. For a split cycle write, 
when both character D and l are false, a word 
restore is performed. 

1} Write Character line -[CPU Character 0} 

Uhen this line is true, CPU DDT through DlL 
is stored in memory during a write cycle. 
Uhen this line is false, DFfim through lb 
is stored in memory during a write cycle. 

For a normal write, this line must be stable 

within iDDns after a CPU memory request. It 

must remain stable until CPU early data re- 
sume. 
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For a split cycle write, this line must 
be stable with the leading edge of write 
and remain stable until 55ns after leading 
edge of CPU early data resume after split 
cycle initiate. 

5> Write Character 1 Line -CCPU Character 1} 

When this line is true, CPU DQl through DOS 
is stored in memory during a write cycle. 
When this line is false, DFM 01 through OS 
is stored during a write cycle. For a 
normal write, this line must be stable within 
100ns after a CPU memory request. It must 
remain stable until CPU early data resume. 
For a split cycle write, this line must be 
stable with the leading edge of write and 
remain stable until 55ns after leading edge 

' ». r i_i n_^-.i i y udm i <c iiu iiic a I ic r bpi it <_ yiL it; 

initiate. 



Write Line -CCPU Write} 
This control line from the 
the following control: 



CPU to memory provides 



b. 



Read and Normal Write Cycles 

When CPU write is true, the memory is directed 
to perform a write cycle- When false, the 
memory is directed to perform a read cycle. 
For read and normal write cycles, this line 
must be stable within iDOns after the leading 
edge of CPU memory request. It must remain 
stable until the leading edge of CPU early data 
resume. 

Split Cycle Write 

CPU write line must be false for the read por- 
tion of the split cycle- When this line goes 
true after a CPU memory data resume, the write 

DOrtion of thp ^p 1 i t- <-w<-"lo ic- in-i +-n;a-t-a^ -T .-~ 1 -; +- 

cycle initiate}. It must then remain true un- 
til SSns after the leading edge of CPU early 
data resume following the write initiate. 



Split Cycle Line -CCPU-SC} 

This control line from the CPU to memory requests 
a split cycle operation. CPU-SC must be stable 
IQDns after the leading edge of CPU memory request 
and remain stable until the leading edge of CPU 
early data resume. The write portion of the split 
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IB. 



cycle is initiated with the write line. Charac- 
ters D and 1 lines determine whether a word write, 
character write, or word restore is performed. 



Load Upper Bound Line {LOAD UPPER BOUND} 
This c ontrol line from the CPU to memory directly 
loads CPU-DDl through DlS into a buffer register. 
This data -Cin the true state} is used as the upper 
bounds address used for bounds operation control. 
This li ne latches data with the positive going edge 
load upper bound. A data setup time of 20ns {for' 
CPU-D01 through DlS} is required. The minimum 
required pulse width is SDns. The upper bound can 
be loaded any time except during a CPU memory cycle 
The most significant bit, CPU Dlb, is not used. 



Load Lower Bou 
This control 1 
loads CPU-DDl 
This data -Cin 
bounds address 
This li ne late 
load lower bou 
CPU-D01 throug 
required pulse 
be loaded any 
The most signi 



of 



nd Line {LOAD LOWER BOUND} 

ine from the CPU to memory directl^ 

through DlS into a buffer register. 

1"hP friJP «; 1- ,=3 -t-p T- ir Mt;pH =! <T- fho rr^^Di" 

used for bounds operation control, 
he s data with the positive going edge of 
nd- A data setup time of 20ns {for 
h DlS} is required. The minimum 

width is 50ns. The lower bound can 
time except during a CPU memory cycle, 
ficant bit, CPU-Dlb, is not used. 



Load CPU Address Line {LOAD CPU ADDRESS} 
This control line f rom CPU to memory directly loads 
CPU-D01 through DlS into a buffer register. This 
data {in the true state} is used as CPU memory 
address. This line latches data with the positive going 
edge of load CPU address. A data setup time of 50ns 
is required. The minimum required pulse width is 
SOns. The CPU memory address register can be loaded 
any time CPU memory request is false. The most 
significant bit, CPU-D1L-, is not used. 

CPU Protect Bit Write Line {CPU Urite Protect Bit} 
This control line from CPU to memory directs the 
memory to write protectbit {memory bit Ifi} in mem- 
ory. This is performed as a normal write cycle. 
When CPU-D10 is true, the memory clears the protect 
bit- When CPU-DID is false, the memory sets the 
protect bit. The requirements for CPU-DID ar^ the 
same as for normal write data operation. CPU pro- 
tect write must be stable within 100ns after the 



AAMA70 



CONTROIIDAti$ 



CORPOR^W 



IF="I 

SCDD 



iorvi 



NO 


88786800 


REV 


01 


DATE 


6/13/73 


PAGE 





13, 



14 



leading edge of CPU memory request. CPU protect 
write must remain stable until the leading edge of 

ro 1 1 



ca i i y 



UQLQ 



r ^CiU'.nc 



protect parity 



U I L 



{memory bit n> is stored with the protect bit 
{compliment of protect bit>. Memory word data and 
memory word parity are restored in memory- 



NOTE 



The CPU allows only protected instructions 
to perform a protect bit write. 



Program Protect Line {CPU PROTECT} 
This control line from CPU to memory indicates 
CPU operation protect status- This line must be 
stable within lODns after the leading edge of CPU 
memory request- It must remain stable until the 
leading edge of CPU early data resume. 



* ^^» ' **— *-* *-*» fc- *»-/ ■ i * y j i i i ^^ i i t\—s i y 

line has no effect 



on operation- 



b. 



For all write operations within bounds where 
the CPU memory address is less than the upper 
bound and greater than lower bound, the memory 
unconditionally stores the specified CPU word 
or character- 

c- For normal and split cycle write memory cycles 
not in bounds area. Uhen CPU protect is true, 
the memory will unconditionally store the speci- 
fied CPU word or character- When CPU protect 
is false, the memory will: 

1> Uhen protect bit {bit lfi> is true, set 
CPU protect fault and restores original 
memory data- 

2} Uhen protect bit {bit lfl> is false, store 
the specified CPU word or character. 

Memory Program Protect Bit Line {MEMORY PROTECT BIT! 
This status line from the memory to CPU {common 
status line with DMA} {timing is same as data from 
memory lines }"•• 

a- Uhen CPU memory address is within bounds ad- 
dress, memory protect bit is forced false. This 
forces all instructions to be unprotected in- 
structions. However, the memory protect bit 
is unchanged. 
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b« Uhen CPU memory address is not within bounds 
address, memory protect bit line is equal to 
the memory protect bit -Cbit lfl>. This provides 
program protect status to the CPU. 



IS. Program Protect Fault Line -C CPU-PROTECT FAULT} 

This status line from the memory to CPU indicates: 

a. When CPU-protect fault is true, the CPU pro- 
tect line was false, memory protect bit was 
true and CPU memory address was not within 
bounds address when a write operation was at- 
tempted. The line is pulsed -Cl?Sns minimum - 
250ns maximum pulse width}. The leading edge 
of CPU-protect fault will occur: 

1> Uithin 100ns after CPU memory data resume 
for - " protect bit wr*ite operations an^ p"^-— 
mal write operations. 

5> Uithin 300ns after CPU memory data resume 

or within 100ns after write initiate {which- 
ever is longer after CPU memory data resume} 
for split cycle write operations. 

NOTE: If CPU performs a protect write opera- 
tion with program protect line false, 
a program protect fault will occur when 
memory protect bit is true {with or 
without a protect parity error}. How- 
ever, the CPU does not allow a protect 
bit write by an unprotected instruction. 

b. Uhen CPU-protect fault is false, one or more 
of the following applies: 

1} CPU protect false and memory protect bit 
false . 

E} CPU protect true. 

3} CPU memory address is within bounds addres. 

M} Protect parity error and cpu protect false 
{memory protect bit is a don^t care} {P.P.E. 
CPU protect = '0"}. 
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lb- Word/ Character Parity Line {MEMORY PARITY LINE} 
This status line from memory to CPU provides 
parity {of the specified word or character data 
only} read from or stored in memory. Protect bit 
is not included in parity since it has its own 
parity bit- Therefore, any requirements for parity 
including protect bit must be generated by the 
CPU by use of memory parity line and memory pro- 
tect bit lines. Uhen memory parity line is true, 
the selected word or character has an even number 
of 1 bitsi when false, an odd number of 1 bits. 
The line is defined as follows: 

a. All normal read cycles - memory parity line 

shall be stable within >4Sns after the leading 
edge of CPU-memory data resume. It shall re- 
main stable for a minimum of 3MDns after the 



lea 



r\ -? r-»/ 
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Normai wr i tecycici - word and character 
memory parity line is stable with the leading 
edge of CPU memory data resume. It remains 
stable for ESSns minimum after the leading edge 
of CPU memory resume. 

Split Cycle 

1} Read cycle - Memory parity line shall be 
stable within MSns after the leading edge 
of CPU-MDS. It will remain stable until 
10ns after the leading edge of CPU write 
{split cycle initiate} or CPU OHARD+i. 



2} 



Write cycle - Memory parity line shall be 
stable within 215ns after the leading edge 
of CPU write. It will remain stable while 
CPU write, CPU character 0, character 1 and 
CPU-DXX ar^ stable or until 350ns after 
leadinq edge nf TPII i.if-it-o. uhirhonoK »<-/-• ••^c- 
first • 



1?. CPU Memory Parity Error Line {CPU PARITY ERROR} 
This status line from memory to CPU indicates a 
parity error occurred due to: -C-CUPE + PPE} . {READ- 
L+SC} . PU . URITE-L} DATA UORD PARITY ERROR OR 
PROTECT PARITY ERROR during a normal read cycle or 
a read cycle portion of a split cycle- Parity error 
line cannot go true during a normal write cycle or 
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a wri te protect bit cycle- CPU parity error goes 
true within 150ns after leading edge of CPU-MDS. 
It is a pulse width minimum pulse width of bSnsi 
maximum pulse width 175ns- 

a. A word parity error indi cates that one of the 
memory word bits is wrong or the parity bit is 
wrong- Uord parity error has no effect on mem- 
ory operation other than setting the parity 
error line. 



IS. 



50- 



AA4A7P 



b- 



A protect parity error indicates that either 
the protect bit or the protect parity bit is 
wrong- When a P.P.E. occurs and CPU protect 
is true during a write operation, actual pro- 
tect bit -Cbit lfl> is stored back in memory 
protect bit -CDIlfl} and the complement of actual 

r"» k"» r*i +* p r" +" r"i T +~ -f ni f )• T r* c^ +- r-\ts* a r4 -irt mpm'npi i rMAn*l-p /- +■ 

J-' I Wh_^_\_t_ w A »_ k »_f l l_ -I L _3 _2 '_ W J \_ I_4 111 1 1 1 C_ 1 1 I \^J j y f_' l •_' !^ «■_ \_ k_ 

occurs and 



parity bit -CDin>. When a P.P.E. 

CPU protect is false, actual DOlo 
restored in Dllfl and Din respectively 



and 



rim n 

1/Uli 



1 a r t; 



CPU Memory Addressing Error {CPU HAE> 

This status from memory to CPU indicates the CPU 

attempted to access a nonexistent memory stack, 

CPU MAE will be stable within 30ns after stack 
memory cycle is initiated. It will remain stable 

until leading edge of CPU-MDS which will force 
CPU MAE false. 

Uhen a CPU MAE occurs, the memory interface will 
force a read cycle from stack 1 {lowest address 
stack}. Address for stack will be CPU memory ad- 
dress bits 1 through 13- {Bit 1 is least signifi- 
cant address bit.} A normal read cycle is then 
completed. 



Master Clear {CPU-MC} 



Existing Stack Control Lines {STACK 5,3,4} 

Uhen a memory stack exists in a system, input pins 

must be grounded as follows: 



PIN 



SIGNAL 



AIM 



A15 



COMMENT 



4fi 


STACK 5 


1 


548 


STACK 3 





4T 


STACK 4 


1 



NA 



STACK 1 



Gnd when present 

1 Gnd when present 
1 Gnd when present 

Always Present 
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21- Stack Drive Inhibit -CCPU SAVE! 

AV 
hibits all stack drive voltages 



When CPU SAVE is true, the memory interface in- 



3-3.2.1.2 



DMA Port 



2. 



3. 



DMA data lines to memory -CDMA DOl-Dlb} TTL Open 
Collector gated with DMA Req • Accept. 

a. lb Normal Write data lines - -Cnonsplit cycle} 
These lb write data lines used for normal non- 
split cycle write operations must be stable 
within 50ns after the leading edge of DMA 
request accept. They must remain stable until 
DMA request accept goes false. This require- 
ment applies to word and character mode. For 



character write nnprflt" , in 



the desired character 



ter or 



._,,. ._ h g ^ M A "-I I I c- +- r^1 = /-C5 

in the required charac- 
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b. 



lb Data Lines - split cycle write 
These lb write data lines used for the split 
cycle write operations must be stable within 
10ns after the leading edge of write -Csplit 
cycle initiate}. These lines must remain 
stable until the leading edge DMA request 
accept goes false. This requirement applies 
to both word and character split cycle writes. 
For character write operation, the DMA must 
place the desired character in the required 
character or character 1 position- 

DMA Memory Address Bits {DMA MABl through MABlS} 
Open Collector TTL gated with DMA Req Accept. 
These IS address lines must be stable within 50ns 
after leading edge of DMA request accept. They 
must remain stableuntil DMA MA goes true, or 
DMA MCTM goes true or DMA RES ACCEPT goes false. 
Most significant address bit, DMA MABlb, is not 
used. 

lb Data Lines from Memory -CDFM01 through lb} 
-CDFM01 = LSB, DFMlb = MSB} 

These lines are, for all memory operations, common 
lines for both CPU and DMA. These lb data lines 
from memory are. stable a maximum of l?ns after the 
leading edge of DMA memory data resume for fast 



AAMA7D 



7? 



CONTROL* DATA? 



CORPOR A?T I O N 



irvl 

IF="I 



>xnriorsj 



NO 
REV 
DATE 
PAGE 



SCDD 



88786800 
01 
6/13/7 3 



DMA cycles and a minimum of 
for slow DMA cycles. 



30ns before DMA MDS 



ror a reaa cycle, data shall remain stable a 
minimum of 3M0ns for fast DMA and SOOns for 
slow DMA after the leading edge of Df1A 
data resume . 



memory 



b. 



For a normal write cycle for fast DMA only, 
data shall remain stable a minimum of SOns for 
word write and a minimum of 150ns for character 
write after the leading edge of DMA memory data 
resume. 

c For split cycle write cycles for fast DMA 
only, data shall remain stable a minimum of 
150ns after the leading edge of CPU write -Csp 1 i t 
cycle initiate} for both word and character 
split cycle write- 

D MA Memory R equest L ine ^ 

■CDMA 1- MR DMAS- MR. DMA3- MR DMAM-MR DMAS- MR 
This line requests a memory cycle. DMA- MR goes 
true asynchronously to memory operation- DMA-CPU 
request resolution is 7flns minimum - 150ns normal - 
IbSns maximum to initiation of the memory cycle. 
Fast DMA- MR must go false within SOns and slow DMA 
MR must go false within 300ns after the leading 
edge of DMA memory data resume unless continuous 
requests desired, in which case data address and 
write lines must be stable 700ns for slow DMA and 
350ns for fast DMA after leading edge of DMA-MDS. 
DMAl has highest priority with DMAS having lowest 
priority. Any DMA has priority over CPU. 

DMA Reque s t Accep t 

■CDMA1-RA, DMA5-RA, DMA3-RA, DMAM-RA, DMAS-RA} 
When the DMA-RA lines goe true, normal write data, 
address and writeline must be stable within S0ns= 
Where used, character and 1, DMA protect, DMA~ 
split cycle, slow DMA, must be stable within 100ns. 
These lines must remain stableuntil DMA req accept 
goes false. 
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Slow DMA Line -CSL0W-DMA} TTL Open Collector 
When Slow DMA line is true, all timing require- 

m(=> n +" C "fi~i )T> iH^3+-J3 1 T r» r» r^ -> —* A T\M A ,-J ^ J_ _ — J^^ 1 _J _ .£• • J 

,l,CIILi lu ' ua u*-» i luccj auu j/iim uaia ^.LT'UUti Ut 1 IfleQ 

by standard NCR b05 DMA are met. Where DMAs are 
designed to use the performance of the bOOns stack, 
gating false the slow DMA line will optimize mem- 
ory performance. A time-out circuit is used to 
match slow DMA requirements and bOOns stack operation. 

This line has pull up resistor and therefore re- 
quires no wiring when slow DMA operation is desired- 



Priority Line {PRIORITY} 

Pull up resistor on-line, therefore, no connection 
required. When priority is true, the DMA device 
determined by ENABl-S Ihandwired to the desired 
DMAl through 5 -- only one available priority DMA} 
has absolute priority. All other memory requests 
— both DMA and CPU — are blocked out until pri- 
w. . .. j, a ^i- — , iuii^. 11 it (.urTciii. memory eye i e is 
completed normally at which time the memory accepts 
only priority DMA requests. It must be noted that 
split cycles in process when priority goes true 
potentially could cause a problem if the write 
initiate is delayed or excessively long^ in such 
cases, system software restrictions may be required. 

Use of this line can give a guaranteed response 
time to request when required and when split cycle 
operation is allowed for. This is compatible with 
1700DSA. 

Priority Enable -CENABl through ENAB5} 
When these lines are handwired to a specified DflA 
■Cas defined below}, the specified DMA has absolute 
priority over all requests which are subsequently 
locked out. 



ENABl ENAB 5 ENAB3 ENABM ENABjj PRIORITY 






D 
1 
1 
1 
1 



1 

1 
1 
1 



1 
1 
D 
1 
1 



1 
1 
1 
D 
1 



1 
1 
1 
1 
D 



DMA 1 
DMA 5 
DMA 3 
DMA 4 
DMA S 
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DMA-MCTM {Memory Cycle Time} 

fICTn is an interface timing signal generated in 
the memory. It occurs iBQns after the start of the 
cycle and is 5uns wide. It is normally high going 
to ground when on. It is driven by a 7MH0S TTL 
Gate. One load maximum per DMA . 



DMA- LTPg -[Timing Pulse! 

LTPH is another timing pulse generated by the mem- 
ory. It is referenced to the end of the cycle 
occurring about IQOns before the end. It is Lflns 
wide. It is a negative going pulse driven by a 
7MH0S TTL gate. One load maximum per DMA. 



DMA MA -memory Available! 

MA is a signal generated by the memory indicating 

the memory is in an active state r ' " 

MA goes low 11,5ns after the 

remains low until the end 



driven 
DMA. 



{active low! 

c;tgpt- rt-f fho r- w-~ 1 o 

of the cycle. It is 



■ / "— • ■ ■ iU w i Il_ ^a i_fc: ■ \/i It: iuqu ina a i inutn per' 



IB. DMA Memory Data Resume {DMA MDS} 

This status signal from memory for all opera- 
tions signifies a data resume. Data from memory 
will be stable -Cat thememory interface} 17ns maxi- 
mum after the leading edge of DMA-MDS for fast 
DMA, and a minimum of 3Dns before leading edge of 
DMA MDS for slow DMA. It is a SOns pulse. The 
leading edge of DMA MDS occurs ES5ns minimum - 
EtaOns normal - BbSns maximum after a memory stack 
cycle is initiated for fast DMA and 3D0ns minimum - 
315 normal - 331 maximum after initiation of mem- 
ory stack cycle for slow DMA. BTTL loads maximum 
each DMA. 

13. Character Mode Operation 

Pull up resistors on character 0, I therefore no 
connection required and word mode always selected. 

a. Read character - When character and character 
1 lines &r<s. undefined and DMA write is false, 
a read operation is indicated. The DMA must 
select character or character 1 as required 
for its character mode read. Character D = 
DFM 01 through Ibi character 1 = DFM 01 throuqh 
Dfl. 
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Writ 
the 



e Character - When character is true, 
memory will store CPU-DOT through Dlt> 

i.ihpn r\n -f ,^t i "I +- o v t c ■!- <r _ lilhori /-H;a^^<— +-o»~ 1 n r 

Wl I II i i w i «-* s_« x %_ CA i<J Lo * w i i — ii ^.i |*_1 | *-» N_ *_N_ I JJ i^J 

true, the memory will store CPU-i>0l through 
DMA-DOfi when no fault exists. If both are 
true, word write is specified. If only one 
is true, character write is specified and 
the corresponding memory data for the charac- 
ter line false is restored in memory. For a 
split cycle write, when both character D and 1 
are false, a word restore is performed. 

1> Write character D line -CDMA character 0} 
TTL Open Collector 

When this line is true, DfIA DOT through 
Dlb is stored in memory during a write 
cycle. When this line is false, DFM 0T 
through lb is stored in memory during a 
write cycle. 

For a normal write, this line must be 
stable within 100ns after a DMA memory 
request accept. It must remain stable 
until DfIA request accept goes false. For 
a split cycle write, this line must be 
stable with the leading edge of write and 
remain stable until after DMA request 
accept goes false. 

E> Write character 1 line -CDNA character 1> 
-CTTL open collector} 

When this line is true, DMA DDl through 
DOfl is stored in memory during a write 
cycle. When this line is false, DFN 01 
through Ofi is stored in memory during a 
write cycle. For a normal write, this 
line must be stable within 100ns after a 
DMA memory request accept- It must re- 
main stable until DMA request accept goes 
false- For a split cycle write, this line 
must be stable with the leading edge of 
write and remain stable until after DfIA 
request accept goes false. 

1M. Write Line -CDMA Write> -CTTL Open Collector} 

This control line from the DMA to memory provides 
the following control: 

a. Read and Normal Write Cycles - When DMA write 
is true, the memory is directed to perform a 
write cycle. When false, the memory is directed 
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to perform a read cycle. For read and nor- 
mal write cycles, this line must be stable 
within 100ns after the leading edge of DMA 
request accept. It must remain stable until 
and be cleared with DMA request accept going 
fa lse . 



b. Split Cycle Write - DMA write line must be 

false for the read portion of the split cycle- 
When this line goes true after DMA request 
accept, the write portion of the split cycle 
is initiated -Csplit cycle initiate}. It must 
then remain true until DMA request accept goes 
false. 



IS, 



lb 



Split Cycle Line -CDMA-SO 

TTL Open Collector's pull-up resistor allows no 

rnnnprtinn. Th-ic? r-r\r\ +->~nl l-ino -f^r^,^ -t-K/-. tnma +-~ 

memory requests a split cycle operation. DMA-SC 






-i n r "» .-. ^-. 

JjUUIlii 



-,-C4.„._ 

a i icr 



the lidding edge of 



DMA request accept and remain stable until DMA re- 
quest accept goes false. The write portion of the 
split cycle is initiated with the write line. 
Character D and 1 lines determine whether a word 
write, character write or word restore is performed. 



Program Protect Line -CDMA PROTECT} TTL Open Collector 
This control line from DMA to memory indicates 
DMA operation protect status- This line must be 
stable within 100ns after the leading edge of DMA 
request accept. It must remain stable until DMA 
request accept goes false. 

a. For read -Conly} memory cycles the DMA protect 
line has no effect on operation- 

b- For normal and split cycle write memory cycles 
when protect is true, the memory will uncon- 
ditionally store the specified DMA word or char- 
acter. When DMA protect is false, the memory 
will : 

1> When protect bit -Cbit 18} is true, set DMA 
protect fault and restores original memory 
data . 

3} When protect bit Cbit 16} is false, store 
the specified DMA word or character. 

When no connection is made to this line, all 
operations are unprotected -Cpull up resistor}. 



AAMA70 



f -' 




a-t«)6n§ 



IRICATION 



NO 
REV 



SCDD 



88786800 



DATE 6/13/7 3 
PAGE 



17. 



is 



v\. 



Memory Program Protect Bit Line {MEMORY PROTECT BIT> 
This status line from the memory to DMA {common 
status line with CPU}: {Timing is same as data from 
memory lines} memory protect bit line is equal to 
the memory protect bit {bit Ifl}. This provides pro- 
gram protect status to the DMA. 



Program Protect Faule Line {DMA-PROTECT FAULTS 

2 TTL Loads Maximum 

This status line from the memory to CPU indicates: 

a. When DMA-protect fault is true, the DMA protect 
line was false and memory protect bit was true 
when a write operation was attempted. The line 
is pulsed 175ns minimum - 550ns maximum pulse 
width. The leading edge of DMA-protect fault 
will occur: 



1} Within 100ns after 
for fast 
for slow 



DMA memory data resume 
Di i A anu within 35ns after DMA-MD 
DMA for normal write operations. 



2} Within 300ns after DMA memory data resume 

or within 100ns after write initiate {which- 
ever is longer after DMA memory data resume} 
for split cycle write operations. 

b. When DMA-protect fault is false, one or more 
of the following applies: 

1} DMA protect false and memory protect bit 
fa lse . 

2} DMA protect true. 

3} {Protect parity error and DMA protect} false 
{Memory protect bit is a don't careMP.P.E. . 
CPU PROTECT = '0'} 

Word/Character Parity Line {MEMORY PARITY LINE} 
This status line from memory to DMA {common with 
CPU} provides parity of the specified word or 
character data only read from or stored in memory. 
Protect bit is not included in parity since it has 
its own parity bit* Therefore any requirements for 
parity including protect bit, i.e., 1700 DSA, must 
be generated by the DMA by use of memory parity line 
and memory protect bit lines. When memory parity 
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line is true, the selected word or character has 
an even number of 1 bits=. when false, an odd num- 
ber of 1 bits. The line is defined as follows: 

a. All normal read cycles - memory parity line 
shall be stable 

1> within MSns after the leading edge for 
fast DMA, and 

2> with for slow DHA, the leading edge of 

DMA memory data resume. It shall remain 
stable for a minimum of 3M0ns for fast 
DMA and 300ns for slow DMA after the lead- 
ing edge of DHA MDS. 



Normal write cycles - word and 

mpmnr w nan'1-u "l-ino -I <r- cf jklp i.,-;+-K -t-V 

edge of DMA memory data resume. It 
stable for l> 22Sns for fast DHA minimum, 
2} IfiOns for slow DMA, after the leading edge 
of DMA memory data resume. It remains stable 
for 1> 225ns for fast DMA minimum, and 2} IflDns 
for slow DMA after the leading edge of DMA 
ory resume. 

Split Cycle 

1> Read cycle - memory parity line shall be 
stable 



character 

le leading 
remains 

anu 



mem- 



2> 



a} within LlSns after for fast DMA, and 

b> with for slow DMA, the leading edge of 
DMA-MDS. It will remain stable until 
10ns after the leading edge of DMA 
write -[split cycle initiate}. 

Write cycle - memory parity line shall be 
stable within 215ns after the leading 
edge of DMA write. It will remain stable 
while DMA write, CPU character 0, charac- 
ter 1 and DMA-DXX ar& stable or until 300ns 
after leading edge of DfIA write whichever 
occurs first. 
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DMA Hemory Parity Error Line {DMA PARITY ERROR} 
This status line from memory to DMA indicates a 
parity error occurred due to: 

{{WPE + PPE}.{READ-L + SC}.PW . WRITE-L} DATA WORD 
PARITY ERROR OR PROTECT PARITY ERROR during a nor- 
mal read cycle or a read cycle portion of a split 
cycle. Parity errors line cannot go true during 
a normal write cycle. DMA parity error goes true 
1} within 100ns after for slow DMA, E> within 150ns 
after for fast DMA leading edge of DMA-MDS. It is 
a pulse width minimum pulse width of tSnsi maxi- 
mum pulse width 175ns. 

a. A word parity error indicates that one of the 
memory word bits is wrong or the parity bit 
is wrong. Word parity error has no effect on 
memory operation other than setting the -arif 
error line. " r " " ~ ' 



b. A protect parity error indicates that either 
the protect bit or the protect parity bit is 
wrong. When a P.P.E. occurs and DMA protect 
is true during a write operation, actual pro- 
tect bit {bit lfl> is stored back in memory 
protect bit -CDIlfl} and the complement of ac- 
tual protect bit is stored in memory protect 
parity bit -CDin>. When a P.P.E. occurs and 
DMA protect is false, actual DOlfl and DOlT are 
restored in Dllfi and Din respectively. 

51- DMA Memory Addressing Error -CDMA MAE} 

This status from memory to DMA indicates the DMA 
Sm e K ed .^? access a nonexistent memory stack. 
DMA MAE will be stable within 30ns after stack 
memory cycle is initiated. It will remain stable 

™I M*r x , ing edge of MA-NDS which will force 
yiiA nAL raise. 



22. 



wnen a j>Ma MAE occurs, the memory interface will 
force a read cycle from stack l {lowest address 
stack}. Address for stack will be DMA memory ad- 
dress bits 1 through 13. {Bit 1 is least signifi- 
cant address bit.} A normal read cycle is then 
completed. 

DMA Master Clear 
Received from CPU. 
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3.3.5.3 



Main Memory 32-Bit Controller Configuration 
The 35-bit controller has: 

A> fiK of lb bit {data memory 

B> lbK of lb bit {data} memory 

C> AK of 32 bit {data memory 

D> lbK of 35 bit {data} memory 
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3.3.3 



Maintenance/Programmers Panel Interface: 

All configurations of the MP17 contain the maintenance/ 
programmers panel interface card. Also standard will be 
a minimum maintenance panel which interfaces through the 
panel interface to the CPU. The programmers console is 
optional on all MP17 configurations, and interfaces through 
the same card as the minimum maintenance panel. The 
basic signal flow of the panel interface is as follows. 



DMA «-(l4j — 
ADDRESS"! 

DMA DATA— (l6)- 
Main CPU ^ 
Tri-State <(3Sr 
Buss """""' 



CPU Control 
Signals 



^ 



J 



(T) ->MP17 Peripheral Controller 

Port 



Maintenance/Programmers 



Panel Interface Card 



Located In 
MP17 Chassis 



^(T*)^ Programmers 
^-^ Console 



Minimum 
-> Maintenance 
Panel 



The interface card interfaces to the MP17 through DMA, 
main CPU buss, and internal CPU control signals. The 
interface to the programmers console is RS2 32 compatable. 
No "Special" programmers console is included. The 
programmers console will consist of a teletype, a display 
or any device which has two-way simultaneous serial 
(full duplex) ASCII characteristics. The programmers 
console is capable of being remoted, but no modem or modem 
control signals are provided. The interface to the 
minimum maintenance panel is not RS2 32 compatable. 



The interface provides for all common computer control 
panel functions. These functions can be performed equally 
well through the maintenance panel or the programmers 
console. The interface also provides a data path for 
MP17 peripheral controllers to transmit ASCII characters 
to the panel interface. This feature 

actually allows these peripheral controllers to perform 
most operations that can be performed from the maintenance 
panel or programmers console. In practice this feature 
will generally be used to load main memory or micro- 
memory from devices like the card reader. 
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Basic to the operation of the panel interface is the 
Function Control Reqister (FCR) . This s c a m-ku 
register which is accessible to the CPU in a manner 
similar to the way switches on a conventional panel are 
accessible to the CPU. The function control register bit 
assignments are listed in Table 9. 
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BIT 


DIGIT 


BIT DEFINITION 


o 


o 





o 




Overflow 





1 





1 





Protected Instruction 





2 





2 




Protect Fault 





3 





3 
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Parity Error 





4 





4 


Interrupt System Active 





5 





5 


1 


Auto-Restart Enabled 





6 





6 




Micro Running 





7 





7 




Macro Running j 





8 





8 









9 





9 


2 




I 1 








A 1 






< 1 

X 


J- 











1 


2 





c 






1 


3 





D 


3 


Multi-Level Ind. Add. Mode 


1 


4 





E 




Execute Micro via DMA 


1 


5 





F 




Suppress Console Transmit 


1 


6 


1 









1 


7 


1 


1 


4 


M 


1 


8 


1 


2 




BP Int. (BP Stop if Clr) 


1 


9 


1 


3 




Micro BP, Step, Go, Stop 
(Macro if Clr) 


2 





1 


4 




Step 


2 


1 


1 


5 


5 


Selective Stop 


2 
2 


2 
3 


1 

1 


6 
7 




Selective Skip 


Protect Switch 


2 


4il 


8 






1 2 


5 


1 

1 


9 


6 


DISPLAY 1 


! 2 


6 


1 


A 






! 2 


7 


1 


B 






1 2 


8 


1 


C 






! 2 


9 


1 


D 


7 


DISPLAY 2 


3 





1 


E 






3 


1 


1 


F 




, , ■ — — 



Status 
Only 



h 



BP Off 

1 Int. Ref 

1 Store Op, 
1 1 All Ref. 



FUNCTION CONTROL REGISTER (FCR) 
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DISPLAY 1 


DISPLAY 2 


o 





FCR 


F2 


1 


1 


P 


N,RTJ 


2 


10 


I 




3 


11 




X 


4 


10 


A 


Q 


5 


10 1 


MIR 


F 


6 


110 


BP 


Fl 


7 


111 


P-MA 


MEM 


8 


10 


SMI 




9 


10 1 


Ml 


K 


A 


10 10 


SM2 




B 


10 11 


M2 




C 


110 




MM 


D 


110 1 


A* 




E 


1110 


X* 




F 


1111 


Q* 





DISPLAY CODE DEFINITIONS 
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Functional Operation 



The interface is capable of accepting eight different control 

wiictjL cn_ utr:j_ o . me ciyiit uuni-iui ^iidLdULCLS ctit; n, a., u, r\ , a_i , 

Cr, Lf and ?. Cr denotes Carriage Return, Lf denotes Line 
Feed and ? denotes Question Mark. 

H through L identify the type of data or operation entered 
or returned. The combination of Cr Lf terminates all entries 
except Master Clear. 

A Question Mark accompanied by correct parity will generate 
a Master Clear to the computer, memory and peripherals. 
There is no response to this entry. 

A normal entry consists of one control character H through 
L; , 2 , 4 or 8 hexadecimal digits through F; and Cr Lf 
in that order, A normal response consists of one control 
character that identifies the data that follows; 4 or 8 

Vipv'^Ho.'^'impI r9 -i rr -5 +■ c ^-nr? C v T -f t -n ■f-'H^a+- /-\ -v~ r* q v- T -F n f rqn^mi c?'! nn 

or operator error occurred on the entry, the control character 
is replaced by an asterisk (*) and the Function Control 
Register is unconditionally displayed. All entries except 
? cause a response unless bit 15 of FCR is set. 

H Control Function. 

This function is used to clear a specific bit in the FCR. 

Example: H14 Cr Lf 

This would clear bit 14-, 6 in FCR (Step mode) , and the 
response would be a display of the updated FCR. 

I Control Function 

This function is identical to H except it sets a bit in FCR. 
H and I are also used for Stop/Run Control (See below) . 



3.3.3.1.4 J Control Function 

The J Control Function 
function control regis 
used to change the val 
is used to change digi 
The value of display # 
parameter is displayed 
requests. J functions 
hexidecimal digits and 
specifies the FCR digi 



is used to replace the contents of the 
ter in a digit mode. While it may be 
ue of any FCR digit, it generally 
ts 6 and 7, display #1 and display #2. 
1 and display #2 specifies which MP17 
on display requests, or entered on enter 
always consist of J followed by two 
Cr Lf. The first hexidecimal digit 
t 2 thru 7 and the second hexidecimal digi 
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specifies the value the digit is to assume, through F. 
Example: J64 Cr Lf 

This would set FCR digit 6 to 4 (select the "A" register) , 
and the response would be a display of the updated FCR. 

The J code is also used to alternately display the upper 
and lower 16 bits of a 32 -bit register on the maintenance 
panel. 



Example 



J Cr Lf 



This would cause the other 16 bits to be displayed and 
compliment the U/L indicator on the maintenance panel. 

3.3. 3.1.5 K Control Function 

The K control function is used to display or enter 
data into the parameter specified by Display #1. The K 
functions use two formats. The first format is a request 
to display the parameter specified by Display #1. It is 
as follows: 



K Cr Lf 

The second format is an enter data request. The data is 
entered into the parameter specified by Display #1. It 
consists of K followed by 4 or 8 hexidecimal digits, 
terminated by Cr Lf. The hexadecimal digits are the 
data to be entered. Several examples follow: 

1) To display the "P" register the following is necessary: 

J61 Cr Lf Set Display #1 to "P" register (1). 

K Cr Lf Display parameter selected in Display #1 

2) To enter 14FE 16 into the breakpoint register the follow- 
ing is necessary: 

J66 Cr Lf Set display #1 to BP register (6) 
K14FE Cr Lf Enter into parameter selected in 

Display #1. 
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3.3.3.1.6 L Function 

The L function is operationally the same as the K function 
except it is associated with Display #2. 

Note: When main memory is displayed or entered, the 
register selected in Display #1 is the main memory address. 
The Display #1 selection must be the P or A register 
This register is incremented by 1 after the display.' 

When micro-memory is displayed or entered, the K register 
is the least significant 8 bits of the address, and the 
N register provides the remaining bits. The K register is 
incremented by 1 after the display. 

3.3.3.1.7 Stop/Go Control 

The followincr entrv will nanc^ a ~^ . 



^ W 



H Cr Lf 



This is a micro go if bit 19 of FCR is set. It is both 
a micro and macro go if bit 19 of FCR is clear. 

The following entry will cause a stop: 

I Cr Lf 

This is a micro stop if bit 19 of FCR is set. It is a 
macro stop if bit 19 of FCR is Clear. 

The response to a start or stop entry is a display of 

If a macro stop occurs for any reason, a display of FCR 
will result. The same is true if a main memory parity 
error occurs. 
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Master Clear 

A master clear can be generated in several ways: 

1) A question mark from remote console. 

2) The MC button on the maintenance panel. 

3) The autoload button. 

4) A signal from a peripheral controller. 

5) A power on Master Clear. 

Auto -Re start 

If the auto-restart switch is enabled, or if the 
maintenance panel is not present^ a macro Go will be 
generated when power is applied to the computer. The Go 
signal is generated after all voltages have reached normal 
level. 



Br 






There are two types of breakpoint - micro and macro. 
If bit 19 of FCR is set, micro BP is selected. If bit 
19 is clear, macro BP is selected. 



1) 



Macro BP. Bits 16 and 17 of FCR are used to select 
three types of macro BP as follows: 



Bit 17 




1 
1 



Bit 16 


1 

1 



Breakpoint not selected 
Instruction reference BP 
Store operand BP 
All references BP 



A macro BP occurs if the BP register is equal to the main 
memory address and the select conditions are met. 

If bit 18 of FCR is set, an interrupt occurs when the 
breakpoint conditions are met rather than a stop. 

2) Micro BP. For micro BP, P-MA is compared to the 
lower 12 bits of the breakpoint register. In addition, 
the upper/lower selection (32-bit select) is compared 
to the thirteenth bit of the BP register. If all bits 
are equal, and the combination of FCR bits 16 and 17 
is not zero, then a micro stop occurs. 
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3.3. 3.2 



Minimum Maintenance Panel 

The minimum maintenance panel consists of a 16" x 4%" 
PC board that is mounted directly above the main 
chassis. It connects the Panel Interface Module 
through a flexible cable. Power and ground connections 
are also provided in the cable. 

The following functional drawing illustrates the features 
available. 
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The following describes the above drawing. 

DATA DISPLAY - This sixteen bit panel provides display of 
data. The data displayed is determined by functions 
previously described. Display indicators are LED's. 

UPPER - This LED indicates whether the display is display- 
ing the upper or lower sixteen bits. When lit it indicates 
upper. 
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CONTROL CODE - This 3-bit LED display indicates the last 
control character entered. It is interpreted as 
number. The equivalence table is as follows: 



Kt na ir\r 






- H 


1 


- I 


2 


- J 


3 


- K 



4 
5 
6 
7 



- L 



UNDEFINED 
UNDEFINED 
ERROR 



AUTO RESTART - This two position switch selects the 
auto restart capability. 

MASTER CLEAR - This momentary contact switch causes a 
Master Clear to the CPU, Memory and peripheral controllers 

REMOTE - This two position switch is used to enable the 
panel or the remote programmers console. In the local 
position the panel is enabled, in the remote position 
the programmers console is enabled. If the panel is 
physically removed, remote is selected. 

FUNCTION DEFINITION TABLE - This table will consist of 
operator assistance information such as "FCR" definition 
control character definition, etc. 

DATA ENTRY - These sixteen momentary pushbuttons are 
used to enter hexidecimal data. 

CONTROL CHARACTERS - These six momentary pushbuttons 
are used for entering control characters. 

NOTE: When using the minimum maintenance panel it is 
only necessary to depress one switch to generate Cr Lf. 
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3.M 



Physical 



3.M-1 



Dimensions 

Logic Chassis - IS "H x 17- S-* - 1 U x 1M ' - 1 D 

Power Supply* -3/4 ■'H x 17. 5 - 1 'Id x 16 ■" •* D 

Weight - to be determined 
Cooling - Forced Air 
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3-5-1 



Mean Time Between Failure - flTBF 

The Mean Time Between Failure for each module is un- 
known at this time. The design goal is SDDD hours. 



3-5.2 



Fail Safe Features 

There shall be a circuit breaker which breaks the 
incoming power lines. No operating fail safe features 
exist in the [IP- 



3-5.3 



Failure Detection 

The MP has both memory parity and protect failure de- 
tection features. 
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M aintainabi 1 i ty 



Operating Adjustments 

No operating adjustments shall be required for any 
modules described in this engineering specification 
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3.b.2 



Maintenance Philosophy 



Maintenance philosophy for the MP shall be to use diag- 
nostics requiring minimal operator intervention through 
the operators panel to isolate to the logic module 
failing for &D'/. of all failures. The failing module 
shall be replaced in the field and shall be taken to 
a depot for repair- 



3.t.3 



Mean Time to Repair MTTR 



Based on the 
30 minutes a 
site- 



maintenance philosophy the MTTR shall bn 
fter the required module is available on 
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Preventive 3 Haim-pn^nrp 






U ' 



Prpiin n +- n \ to . _ - . . . . _ _ . _ 

• ■ , = v < -.i^ivn- muiiKtiiuiiLc iuoi i uc iLiicuu icu in con junc 
tion with emergency maintenance to ensure satisfactory 
operating performance. This maintenance shall include 
but not be limited to checking air filters, running 
voltage margins, setting normal voltages, and diagnostics. 



3.b.S 



Interchangeabi li ty 

Any logic module shall be capable of operating in any 
slot where it satisfies the defined card placement 
requi rements • 
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3.b.7 



Technical Manuals 

A separate manual shall be required for each module. 
The manuals shall define both hardware and software 
characteristics of the applicable module. Systems 
manuals are beyond the scope of this specification and 
require the end user to generate such~technical manuals 

Diagnostic Requirements 

Diagnostics are required to isolate SO* of all logic 
failures to the module level. Capability shall be pro- 
vided to inform the operator which module is failing. 



AAMA70 



<->■ 






CORPOflAtlQiN; 



ErvlOlN 



IF="I 

SCDD 



ION 



NO 
REV 
DATE 
PAGE 



88786800 

01 
6/13/73 



3-b-fl 



Voltage Margins 



All modules individually and in a system configura- 
tion shall operate with a plus or minus 5>. voltage 
variation from nominal voltages. 



3.7 



Environmental 



3.7-1 



Nonoperating Environmental 

All modules individual! and in a system configuration 
shall withstand a temperature range from -3D°F to +150°F 
■C-3S°C to +t.S°C> and a maximum thermal shock not to 
exceed B0°F/hour with no permanent effect on operating 
characteristics. All requirements covering altitude, 
temperature, humidity, shock, and vibration stated in 
CDC Standard 1:30:011, section 3-13.1 for Nonoperatinq 
Lnv i ronm?nta 1 RerenVpmpnt-r, ch=n k a mn +- 



3.7.3 



Operating Environmental 



All modules individually and in a system configuration 
shall operate at a temperature range from M0°F to 130°F, 
a maximum thermal shock of 0.3°F per minute and a rela- 
tive humidity range from 10 to TO percent- All re- 
quirements stated in CDC Standard 1:30:011, section 3. 1-3. 
for Operating Environmental Requirements, shall be met- 



3-fl 



Refurbishment 

To be determined. 



3-T 



Design Construction 

Appropriate CDC, National, and International standards 
shall be followed where possible and conformance shall 
be stated where applicable- 



3-^.1 



Communications Standards 

All communication channels shall conform to and meet 
the requirements of EIA RS-333-C standard: Interface 
Between Data Terminal Equipment and Data Communications 
Equipment • 
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3.T.S 



E lee tromaqne tic CorriDr-i-Hh -51 i t-w Pc - *-- 

All modules in a system conf i guration on 1 v shall meet- 
aii Electromagnetic Compatibility -CEMO requirements" 
defined m CDC Standard 1:30:055. 



3.^.3 



Computer Equipment Standards 



All modules individually and in a system configura- 

n-?n.n^ 1 conform to a11 requirements of CDC Standard 
1-30.011 Computer and Peripheral Equipment Design 



Requirements 



3.T.M 



3.1.5 



Safety Standards 



. . . 77, 1 1 ... 



HUlfe me n Ls of CDC 



The II Pi 7 shall confer 

Standard i: 3D: 003 Eauioment- SafpA, ■?=>- ■ -f-r~,I-^~" 

Human Engineering 

The design of the cabinet and operators panel shall 
comply with appropriate human factors engineering. 
The design shall be user-orientated and intended for 
use by a typical operator. 



4.0 



Quality Assurance Provisions (This section is for 

production units. It is assumed that the design 
verification and production verification tests are 
complete.) 



4.1 



Destructive Test 

tractive type testing shall be performed on shippable 
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items. 
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4.2 



Tests and Checks 



4.2.1 



Performance Test 



a. 
b. 
c. 
d. 
e. 
f. 

g- 



Speeds 

Media handled 

Capabilities 

Error indicators 

Addressability 

Micro-instruction repertoire 

Macro-instruction repertoire 



4.2.2 Reliability Test 



a. Fail safe features 

b. Marginal checking 



4.2.3 Characteristic Measurement Test 



a. 

b. 
c. 
d. 
e. 



Power on auto restart verification 

Parity verification ! 

Program protect verification 

Interrupt verification 

Real time clock verification . (Short term and 

long term accuracy) 



4.2.4 Maintainability 



4.2.5 



a. Interchangeability test 

b. Diagnostic test (software and hardware) 

c. Technical manuals 

Environmental Test (Periodic OA A,,rH f- t« - 

per NCR qvQ^ ^ 1 p . c ^ A Audi -t Test performed 
per nlk System Environmental Standard ) 

Speeds 

Fail safe features 

Marginal checking 

«, snort term and long term accuracy) 



a. 
b. 
c. 
d. 
e. 
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Workman Qhi r> VflrififoUnn 

I 

NCR Workmanship Standard 



4.4 



Special Test 



5.. 



Environmental 

Periodic QA audit conducted at CDC SCDD to verify con- 
formance to Engineering Electrical Design Standard CDC-STD 
1.30.000 and Mechanical Design Standard CDC-STD 1.20.000. 

Workmanship 

Periodic QA audit conducted at CDC SCDD to verify con- 
formance to Quality Specification CDC-Spec 10120300 

tr . i . . . tt ; * 

voj-uuie jli. 



Preparation for Delivery 
NCR Standard 



L..Q 
b-1 



NOTES 

Equipment Data Sheet 
To be defined- 
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APPENDIX I — MP 17 CONFIGURATION 
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7-1-1 



This section contains a description of the concepts 
which must be understood to properly program the 1700 
computer . 

Instruction Formats -- There are three types of in- 
structions in the 1700 computer- The types are Storage 
Reference, Register Reference, and Skip. Five instruc- 
tion formats are. required 1 , one for each type of 
instruction plus one for the Shift instructions and 
one for the Interregi ster instruction, which are sub- 
groups of the Register Reference instructions. 

Hexadecimal notation is used in this computer for 
ease in expressing the M-bit groups which occur in the 
instruction format- "C Hexadecimal is to the ^ase 1 '- . 1 
The additional characters required are A, B, C, D^ C, 
and F. The relationships between binary, decimal, and 
hexadecimal are shown in Table 7-1- 





TABLE 7-1. 




DECIMAL 


HEXADECIMAL 


BINARY 








0000 


1 


1 


0001 


E 


2 


0010 


3 


3 


0011 


4 


4 


0100 


S 


S 


0101 


b 


b 


0110 


7 


7 


0111 


a 


6 


1D00 


i 


■=1 


1001 


10 


A 


1010 


ii 


B 


1011 


12 


C 


1100 


13 


D 


1101 


14 


E 


1110 


IS 


F 


1111 
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7-1-1.3 
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Storage Reference -- This class of instructions is 
that which reference storage for operands. Bits 15- 
12 specify the specific instructions, bits 11-6 specify 

thp -=»rHrtr , i=>c:«r-i nrr m/-ir)e> . .ar-irl K-i+-c- "3 — n -5 c = ,.=."!..■-> ..^^^-1 -C — 

relative addressing. Refer to section 7-2.1 for a 
more explicit explanation- 

Register Reference -- This class of instructions operates 
on the computer registers or control FFs. A Register 
Reference instruction is identified when bits 15-12 
are all zero- Bits 11-6 identify the specific Regis- 
ter Reference instruction. Bits 7-0 may be a constant, 
an instruction modifier, or program address modifier, 
depending on the specific instruction. Refer to 
section 7.2-2 for a more explicit explanation. 

Shift — This instruction is a special case of the 
Register Reference instruction. It is identified when 
bits 15-12 are all zero and bits 11-6 equal 1111. Bit 
7, if set, means the Shift is left; if clear, means 
the Shift is right- Bit b, if set, means the A regis- 
ter will be shifted, Bit 5, if set, means the <3 regis- 
ter will be shifted. If bits t and 5 are set, both 
the (3 and A register will be shifted. Bits M-0 con- 
tain the count which determines the number of shifts 
to be made. Refer to section 7.2-2.6. 

Skip -- The Skip instructions are those instructions 
which sense the existence of specific conditions within 
the computer. If the condition sensed for is not 
present, the next instruction comes from address 
P+l, where P is the address of the skip instruction.. 
If the condition sensed for is present, the next 
instruction comes from the address P+l+SK where SK 
is the skip count contained in bits 3-0 of the Skip 
instruction. The Skip instructions are identified by 
bits 15-12 = and bits 11-6 = 0001. Bits 7-M specify 
the specific Skip instruction and condition. Bits 
3-0 are the Skip count. Refer to section 7.2-3. 
There are eight basic conditions sensed for with the 
Skip instruction. The inverse of these conditions is 
specified when bit M of the instruction is set, thus 
giving a total of it Skip instructions. 

Inter-Register -- These instructions transfer data 
from certain combinations of origin registers through 
the Adder to certain combinations of destination 
registers. The Interregi ster instructions are identi- 
fied by bits 15-12 = 0, and bits 11-6 = 10D0- Refer 
to Section 7-2-2.5. 
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Addressing Modes -- There are seven types of address- 
ing modes: Absolute, Relative, Indirect, lb-Bit Rela- 
tive, Relative Indirect, Storage, and Constant- They 
apply to the storage reference instructions only. 
Section 7.2-1 gives a detailed explanation of each mode 



Interrupt System — This interrupt system gives the 
program the ability to easily establish priority of 
interrupts such that an interrupt of high priority can 
interrupt the machine while processing an interrupt 
of a lower priority. The return path to the lower 
priority interrupt routines and then to the main pro- 
gram is clearly established and saved- 

Interrupt Trap locations are established for each in- 
terrupt line. They are in the range of addresses OlDD 
through 013C- The assignment for each interrupt state 
or line is shown in Tahle 7-P. The first column is 
the interrupt state. The second column is the value 
of £\ to be used in the exit 
exit from that state. 
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The third column is the address where the contents of 
the program address register are stored when an inter- 
rupt occurs. The fourth column is the address of the 
first instruction to be executed following an inter- 
rupt- These addresses are reserved exclusively for 
interrupts unless that particular interrupt is not being 
used. 

Mask Register -- The flask Registeris the enable for 
each interrupt state or line. Bit D of themask regis- 
ter corresponds to interrupt line 0, bit 1 to line 1, 
e tc_ To enable an interrupt line, its corresponding 
bit in the mask register must be set- The Mask Regis- 
ter is set by the Interregister instruction. 



Priori 
trol o 
or i t y 
terrup 
rupts 
When a 
state 
may be 
possib 
gram. 



ty — The priority of interrupts is under con- 
f the computer program- The program assiqns pri- 
by establishing an interrupt mask for each in- 
t state which enables all higher priority intei — 
and disables all lower priority interrupts, 
n interrupt state is entered, the mask for that 
is placed in the mask register- Therefore, there 

up to lb levels of priority. Note that it is 
le to change priority during execution of a pro- 
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TABLE ?-B. INTERRUPT STATE DEFINITIONS 





Value ofA 




Location of 


Tn +-<=>^r>i in +• 


T/-, 




F^„„4- T»,^+-„. . _ 4- J 


— . . !._, . ^.J- w 






i ii i i iiiair'un lull 


State 


Exit State 


Return Address 


After Interrupt Occurs 


DO 


DO 


0100 


0101 


Dl 


DM 


0104 


010S 


OE 


Ofl 


0106 


OlOT 


03 


DC 


010C 


010D 


DM 


10 


0110 


Dill 


OS 


14 


Dim 


0115 


Ob 


1ft 


Dllfl 


OUT 


07 


1C 


one 


OllD 


Ofl 


ED 


DIED 


OlSl 


0^ 


EM 


DIEM 


DIES 


10 


Efl 


DlEfl 


01ET 


11 


EC 


DISC 


DIED 


Id 


3D 


0130 


0131 


13 




0134 


OldS 


14 


36 


013A 


013T 


IS 


3C 


013C 


013D 
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Internal Interrupts — Interrupts are also generated 
by certain conditions arising within the computer. 
They are called internal interrupts. If such a con- 
dition occurs, it generates interrupt DD^q {interrupt 
mask bit 00-^g}. Normally, internal interrupts are 
assigned the highest priority. The internal intei — 
rupts are : 



1- 
E. 
3. 



Storage Parity Error 
Program Protect Fault 
Power Failure 
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Operation -- The computer can distinguish between up 
to lb -Cl internal, IS external} different interrupts. 
Each of these interrupts has its respective address 
to which control is transferred upon recognizing the 
interrupt. 

When the computer is processing a particular interrupt, 
it will be defined as being in that interrupt state 
■Cstate 0D through 1S> . Thus, the interrupts and their 
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respective bits in the interrupt mask register are 
numbered DO through IS. An interrupt in bit 7 will 
put the computer in interrupt state 7, etc 

Before the computer can recognize any interrupt, the 
mask bit for that interrupt must be set and the in- 
terrupt system must be activated. The mask register 
may be set by an Interregister command and the inter- 
rupt system can be activated by an enable interrupt 
command. 

Upon recognizing an interrupt, the computer auto- 
matically stores the return address in the lower >15 
bits of the storage location reserved for that intei — 
rupt state- The Ibth bit is set or cleared to record 
the overflow indicator if the computeris in 32K mode. 
If the computer is in b5K mode, all lb bits are re- 
quired to save the return address- The program must 
check for an overflow condition with an SOV or an SNO 
instruction. The comouter then deactivates the inter- 
rupt system and transfers control to another address 
also specified by the interrupt state. The program 
would then store all registers including the mask 
register in addresses reserved for this interrupt state 
and load the mask register with themask to be used 
while in this state. Ones in the mask denote inter- 
rupts that have higher priority than the interrupt being 
processed. Themask should not have a 1 in the position 
of the interrupt being processed- If an interrupt 
was allowed into the same state which is being processed, 
the return link would be lost. The program then acti- 
vates the interrupt system and processes the interrupt. 

The computer exits from an interrupt state in the fol- 
lowing way. The program inhibits interrupt and re- 
stores the registers, including the mask register. If 
the computeris in b5K mode, the program must restore 
the overflow condition that existed when the interrupt 
occurred by forcing an overflow condition or by exe- 
cuting an SOV or SNO instruction. After loading the 
register, the program executes the exit interrupt com- 
mand with A equal to the lower fl bits of the base ad- 
dress of the interrupt state. This command reads the 
storage location where the return address is stored. 
The overflow indicator is set or cleared in accordance 
with bit lb if the computer is in 3SK mode- The in- 
terrupt system is activated, and control transferred 
to the return address. 
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Example -- The following table and sample program steps 
apply if we had five different possible interrupts and 
we wanted three levels of priority such that inter- 
rupt 01 hsu high priority, interrupt 03,05 had next 
priority, and interrupt 03, DM had low priority. This 
example assumes the computer is in bSK mode. If the 
computer is in 33K mode, skip the steps marked with {"}. 



Bit 



5 4 3 3 10 



Mask 1 
Mask 3 
Mask 3 
Mask 4 



111111 
1 D D 1 1 1 
D D D 1 1 
D D D D 



Mask used for Main Program 
Mask used for State D3, 04 
Mask used for State 05, OS 
Mask used for State 01 



Main Program 

Set mask reg. to Mask 1 
enable int. 



State 03 Program 

Store Registers 
"Check overflow with S0V or SN0 
Set Mask to Mask 3 
enable int. 



State 01 Program 

Store Registers 
"Check overflow with S0V 
or SN0 
Set Mask to Mask 4 
enable int. 



Inhibit int. 
"Reset overflow condition 
replace registers 
exit int. 03 



State 04 Program 



Store Registers 
■Check overflow with 
Set Mask to Mask 3 
enable int. 



S0V or SN0 



Inhibit int. 
"Reset overflow condition 
exit int. 01 



Inhibit int. 
"Reset overflow condition 
replace registers 
exit int. 04 
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State Ud Program 

Store Registers 
* Check overflow with SOV 
or SNO 
Set flask to flask 3 
enable int. 



State D5 Program 



V nuorflm.i i.i-itK mi) 

l> »— » V N_ I i i uw Wlk.ll *-» v v 



Store Registers 

M The 

or SNO 

Set flask to Mask 3 
enable int. 



Inhibit int. 
"Reset overflow condition 
Replace registers 
exit int. OB 



Inhibit int. 
"Reset overflow condition 
Replace registers 
exit int. OS 



7-1-M 



7.1.M-1 
7-l.M-l.l 

7.1.4-1-S 



Program Protect -- The MP 17 computer has a Program 
Protect system which makes it possible to protect a 
program in the computer from any other nonprotected 
program also in the computer. The system is built 
around a program protect bit contained in each word 
of storage. If the bit is set, it means that word is 
an operand or an instruction of the protected pro- 
gram. All operand and instruction locations of the 
protected program must have theprogram protect bit set. 
None of the instructions or operands of the nonprotected 
program can have the program protect bit set. 

Whenever a violation of the Program Protect system other 
than a Direct Storage Access violation is detected, the 
program protect fault FF is set and an internal inter- 
rupt is generated. A violation indicates that the non- 
protected program has attempted an operation which could 
harm the protected program. 

Program Protect Violations — This section is an in- 
clusive list of all possible Program Protect Violations. 

Nonprotected instruction attempts to write in a pro- 
tected storage location. The contents of the storage 
location are not changed. 

Attempt to write into a protected storage location via 
External Storage access when a nonprotected instruction 
was the ultimate source of the attempt- The contents 
of the storage location are not changed. 
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7-1-M.E 



7. 1-4-3 



7. 1-4.4 



7. 1.4-5 



An attempt is made to execute a protected instruc- 
tion following the execution of a nonprotected in- 
struction. The protected instruction is executed as 
a nonprotected Selective Stop instruction. It is not 
violation, however, if an interrupt caused this se- 
quence of instructions- 

An attempt is made to execute the following instruc- 
tions when they are not protected^ any Interregister 
instructions with bit = 1, EIN , UN, EXI, SPB , or CPB • 
Those instructions become a nonprotected Selective Stop 
instruction under these circumstances. 

Program Protect is manually enabled by a two-position 
switch on the computer console. If the switch is not 
enabling program protect, none of the above violations 
are recognized with the exception of 7. 1-4. 1-2. 

Set/Clear program protect bit — The Program Protect 
instruction -CSPB nr CPR> -?■=: i-Hp nnlw i. ,= ,,'■?« ,,k,--^ ^- 

program protect bit may be set or cleared in each word 
of storage. 

Programming requirements. In order forthis program 
protect system to work, the following program require- 
ments must be met: 

a. There must be a completely checked-out program 
package which handles all interrupts for the 
nonprotected program. This program must also be 
part of the protected program. 

b. The protected program must be a completely 
checked-out program- 
Peripheral Equipment Protection — All peripheral 
equipment which is essential to operation of the 
protected program must have a switch which designates 
if it is a protected device. If the switch is on. the 
peripheral device responds with a reject to all non- 
protected commands {except status request} addressed 
to it. All protected commands are. responded to in the 
'normal* manner. If the switch is off, the peripheral 
device responds in the 'normal' manner to protected 
and nonprotected commands. 
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RtPtKIOlKt of instructions 



ThP PIPl.7 rnmnntpr «rh^l 1 Ko rioc-i/ino^ 

following groups of instructions: 

Storage Reference 
Register Reference 
Skips 



7-2-1 



Storage Reference 

The Storage Reference instructions contain three 
fields: Instruction, Address Mode, and Delta. The 
instruction field shall contain the operation code. 

The address mode contains flags for indexinq, indi- 
rect addressing, and relative addressing ana the delta 
field is a signed fi-bit address modifier where the mo^ -1 
significant bit is the sign bit. Delta is treated as 
zero when its contents = DDDDDQDD. 



IS 



1? 11 



3 7 



D 



Format: 



ind 



Instruction 



y\ 



Delta -CA> 

Index Register 5 Flag \ 
{Storage Register} 

Index Register 1 Flag 
■Cfl Register} 

Indirect Address Flag 

Relative Address Flag 



Address 
Mode 



i he Storage Keference instructions have seven dif- 
ferent types of addressing modes: 

a. Absolute 

b- Constant 

c Indirect 

d. Storage 

e- Relative 

f. lb-bit Relative 

g. Relative Indirect 
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The following definitions apply to the descriptions 
of these addressing modes. 



i-iiaLt m.L mil MUUfg^^) - I | 

struction being executed = P. 



or rne in- 



Indirect Address : A storage address which con- 
tains an address rather than an operand. 

Base Address : The operand address after all in- 
direct addressing but before modification by In- 
dex registers. The base address is the effective 
address if no indexing is specified. 

Effective Address : The final address of the oper- 
and. In certain cases, the effective address equals 
the operand for read operand type instructions. 
These cases are noted in Table 3-2. 

Indexing : The computer has two Index registers- 
Index register number 1 is the Q register, and 
Index register number 2 is storage location DOFF-,, • 
The base address may be modified by either one 
or both of the Index registers. If the Index regis- 
ter number 1 flag is set, the contents of the d 
register are added to the base address to form the 
effective address. If the Index register number 
2 flag is set, the contents of storage location 
ODFF^ are added to the base address to form the 
effective address. If both Index register flags 
are set, the contents of Q are added to the base 
addressi then the contents of OOFF-jl are added to 
the result to form the effective address. Index- 
ing occurs after indirect addressing has been 
completed. 

The computer uses the lb-bit one's complement adder 
during Indexing operations. Consequently, Index 
register contents are treated as signed quantities 
-tbit IS = sign bit}. 
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Storage reference instructions have seven different 
types of addressing modes: 

a. Absolute -Caddress mode bits = 0, 1, 2, or 3>. 
Relative and indirect flags both equal ^D v and 
delta t 'Q'. The base address equals delta. 
The sign bit of delta is not extended. The con- 
tents of the Index registers, when specified, 
are added to the base address to form the effec- 
tive address. 

In the case where the address mode bits = 0, P+l 
is the effective address- 

b- Constant -Caddress mode bits = 0, 1, 5, or 3D-. 
Relative and indirect flags both equal *0* and 
delta = *D^. 

In the case where the address mode bits = 1, 5, 



r~ r>.^. **~ <^ ?**> "f- ^ 



P +"! 



1 , ,<- 

i U^J 



V.UI I L\.l I t_ ."I 



,-i-p 



one or both Index registers form the effective 
address. The effective address is taken as the 
operand for read-operand type instructions. 

Indirect -Caddress mode bits = 4, 5, b , or ?}. 
Relative address flag equals ^0^, indirect flag 
equals "i", and delta * *0*. The fl-bit value of 
delta is an indirect address- Delta is a mag- 
nitude quantity for this operation -Cno sign bit}. 

Storage -Caddress mode bits = 4, S, fc> , or ?>• 
Relative address flag equals "0*, indirect flag 
equals "1*, and delta = *0*. The contents of 
location P+l is an indirect address. When the 
base address is formed {indirect addressing com- 
plete}, the contents of one or both Index registers, 
if specified, are added to form the effective ad- 
dress. 

Relative -Caddress mode bits = A, 1 , A, or B>. 
The relative flag equals "l* 7 , indirect address flag 
equals *0^, and delta does not equal '0°. The base 
address is equal to the instruction address, P, 
plus the value of delta with sign extended. The 
contents of the index registers, when specified, 
are added to the base address to form the effec- 
tive address. 
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Mode 


Binary 


Hex 


A Del ta 


±\.uv --■ ■■- 

Effective Address 


Address of 
Next Instruction 


Absolu te 
Constnat 


DDDD 


D 


tO 

= 


Delta 
P + l 


P + l 
P+B 


Absolute 
Constant 


0D01 


1 


to 

= 


A+-C00FF1 
-CP+1>+-CDDFF>« 


P+l 
P+B 


Absolute 
Constant 


DD1D 


2 


to 
=0 


A+-C<2> 
{P+l>+{(3>« 


P+l 
P+B 


Absolute 
Constant 


DDll 


3 


to 
=0 


A+-C(3>+-CD0FF> 
-CP+1>+-C(3>+-CDDFF}« 


P+l 
P+B 


Indirect 
Storage 


D10D 


14 


to 
=0 


■lAo- 

■CP+1> 


P + l 
P+B 


Indirect 
Storage 


OlDl 


S 


to 

= 


■CA}+-CDDFF> 
{P + 1J+-C00FF} 


P+l 

P+B 


Indi rect 
Storage 


1,1,0 


b 


to 

= 


■lA>+-[(3> 
■CP + 1>+-C£3> 


P+l 
P+B 


Indirect 
Storage 


Dill 


7 


to 

= 


CA>+-C(3>+-CDDFF> 
■CP+1>+-C(2}+-CDDFF} 


P+l 

p+e 


Relative 1DDD 
lb-Bit Relative 


fi 


to 

= 


P+A 
P+1+-CP+1} 


p+i 

P+B 


Relative 1DD1 
lb-Bit Relative 


=1 


to 

= 


P+A+-C00FF> 
P+1+-CP+1>+-C0DFF> 


p+l 

p+b 


Relative IDID 
lb-Bit Relative 


A 


to 

= D 


P-hA+-Cc3> 

P+1+-CP+1>+-C(3> 


p+i 

P+5 


Relative 1011 
lb-Bit Relative 


B 


to 

= 


P+A+-Ct3>+-CD0FF} 
P+l+-CP+l>+-Cl3>+-CDDFF> 


P+l 
P+B 


Relative 
Relative 


Ind. HDD 
Ind. 


C 


ta 

= D 


-CP+A} 
■CP+1+-CP+1>> 


P + l 
P+B 


Relative 
Relative 


Ind. 1101 
Ind- 


D 


to 

= 


■CP+A}+-[00FF> 
■CP+1+-CP+1>>+-C0DFF> 


P+l 
P+B 


Relative 
Relative 


Ind. HID 
Ind. 


E 


to 

= 


-CP+A1+-CC2} 
■CP+l-CP+l}>+-Cc3> 


P+l 
P+B 


Relative 
Relative 


Ind. mi 
Ind. 


F 


to 

= 


■CP+A}+-C(3}+-CDDFF> 

•CP +1+-CP +!>>+{ Q }+-C0DFF> 


P+l 
P+B 



"Effective Address = operand for read operand type instructions 



AAMA7D 



/o 



CONTROIlDATAl 



C O R -P-0 : 0MT JO M 



IF=-| 

SCDD 






NO 


88786800 


REV 


Dl 


DATE 


6/13/73 


PAGE 





lb-Bi t R elative {address mode bits = 6, T , A, or B>. 

The relative address flag equals "1", the indirect 
address flag equals "U" , and delta equals 'D 9 . 

T ^ r*ir> i* r» na vi n rf ■? er> cr^o/— -t-P-ior-i +■ ^-vo *? »-* c +• v^< t «*- +- *T /•>»»■* an — 

J- i I n— » i i i uv. a j i i j i ^> J^V-V. 1 I IUU) LI IU 11 ioli uv. I i >— 'I I "-* «-* 

dress P+l, plus the contents of location P+l, form 
the base address = effective address. If indexing 
is specified, the contents of the specified Index 
register-Csl are added to the base address to form 
the effective address- 



Relative Indirect {address mode bits = C, D , 
Both relative and indirect flags equal v l°. 



E , or F>. 



1> Delta * *0*. The value of the instruction 

address, P, plus the value of delta with sign 
extended is an indirect address- If bit IS 
of the contents of this indirect address is 
V V , the contents of this indirect address is 
the base address- If bit IS of the contents 
of the indirect address is a °i v , the contents 
of the indirect address is another indirect 
address if the computer is in 32K mode- 

In fciSK mode, all lb bits of the first indirect 
address is the base address, and indirect ad- 
dressing does not continue. In 3BK mode, in- 
direct addressing continues until bit IS of 
the contents of the indirect address is V Q*. 
The contents of the Index registers, when 
specified, are then added to the base address 
to form the effective address. 

2} Delta = *0*. If bit IS of P+1+-CP+1> equals 

"l v and the computer is in 3EK mode, P+1+-CP+1} 
is indirect address. Indirect addressing con- 
tinues until bit IS of the contents of an indi- 
is "0*- In LSK mode, the contents 
is the base address- Then the con- 
Index regi ster-Cs}, when specified, 
the base address to form the effec- 



rect address 
of P+1+-CP+1} 
tents of the 
are added to 
tive address 



The preceding table shows all the addressing possibili- 
ties for storage reference instructions which may be 
obtained through combinations of flag bits- 



Note 



{ > Denotes ^contents of^ 7 - 
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7. 2. 1-1 



LDA Load A -CF=A} 



7. a. 1.2 



7.2.1-3 



7.2. 1-4 



1-5 



1-b 



7.,? 1-7 



Load the A register with the contents of the storage 

i wv_u i. j ui i jpc v_ii icu uy uiic ciicv_livc auur cibi i i i*=: 

contents of the storage location are not altered. 

STA Store A -CF=b> 

Store the contents of the A registerin the storage 
location specified by the effective address. The 
contents of A are not altered. 

LD<2 Load 0. -CF=E> 

Load the Q. register with the contents of the storage 
location specified by the effective address. The con- 
tents of the storage location are not altered- 

ST<3 Store -CF=4> 

Store the contents of the Q. register in the storage 
location specified by the effective address. The 
contents of Q are not changed- 

ADD Add to A -CF=fl} 

Add the contents of the storage location specified 
by the effective address to the contents of the A 
register. One's complement arithmetic is used. The 
overflow indicator will be set if the magnitude of 
the sum is greater than the capacity of the A register. 
Once set» the overflow indicator will remain set until 
a Skip on Overflow instruction is executed. 

SUB Subtract from A -CF=T> 

Subtract the contents of the storage location speci- 
fied by the effective address from the contents of the 
A register. One's complement arithmetic is used- Op- 
eration of overflow is the same as in ADD- 

ADO Add to C3 {F=F> 

Add the contents of the storage 1 oca t ion specified 
by the effective address to the contents of the d 
register. One's complement arithmetic is used. Op- 
eration of overflow is the same as in ADD- 
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7.5-l.fl 



AND And with A -CF=A> 



7.2-1-T 



7.S.1-1D 



7.5.1-11 



7. 2-1. 12 



7.2-1.13 



7.2.1-m 



• — — I I c v_ 



Form the logical product, bit by bit, of the con- 

i_ v-t i k_^t «_> i 1.1 iv- ^ LUl uy\_ iu^u L lull J3|J^ \_ * \ 

tive address and the contents of the A register. The 
result replaces the contents of A. 

EOR Exclusive OR with A -CF=B> 

Form the logical difference {Exclusive 0R>, bit by 
bit, of the contents of the storagelocation specified 
by the effective address and ' " 



;pe< 
the contents of the A 
register. The results replace the contents of A. 



RAO Replace Add One in Storage -CF=D> 

Add one to the contents of the storage location speci- 
fied by the effective address. The contents of A and 
(2 sre. not changed- One's complement arithmetic is 
used. Operation of overflow is the same as in ADD- 

Mill Multiply Integer -CF=2> 

Multiply the contents of the storage location speci- 
fied by the effective address by the contents of the 
A register. The 32-bit product replaces the contents 
of (2 and A with the most significant bits in the Q 
register. One's complement arithmetic is used- 



the program counter -CP> with 



JMP Jump -CF=1> 

Replace the contents of 
the effective address. 

RTJ Return Jump -CF=S> 

Replace the contents of the storage location speci- 
fied by the effective address with the address of the 
next consecutive instruction. The address stored in 
the effective address will be P+i or P+2, depending 
on the addressing mode of RTJ. The contents of P are 
then replaced with the effective address +1- 

DVI Divide Integer -CF=3> 

Divide the combined contents of the Q and A registers 
with the contents of the effective address. The Q 
register contains the most significant bits before 
execution. The quotient is in the A register and the 
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7.5-1. IS 



7.5.5 



remainder in the a register at the end of execution. 
The overflow indicator is set if the magnitude of the 
quotient is greater than the capacity of the A regis- 

■l-O f . (\r>/-a t~o +- fhn n ,. nn £l». . J l-i j • _. 

v-i - vii ^-w ^^ !. , liic uvci 1 n_>u/ iiiuiLa Lur' renidins set 
until a skip on overflow instruction is executed. 

SPA Store A, Parity to A -CF=7> 

Store the contents of the A register in the storage 
location specified by the effective address. Set the 
A register to 1 if the parity bit of the word stored 
at the effective address is set. If theparity bit is 
not set, set the A register to 0. 

Register Reference 

Register reference instructions shall use the address 
mode field for the operation code. Register referpnrp 
instructions are identified by the upper four bits of 
an instruction beina zero. 



Format: 15" 



15 li- 



ft 7 



D 



D D D D 



Fl 



J V. 



Instruction Modifier iA> 



7-5-5.1 



7.5.5.5 



SLS Selective Stop -CFl = D> A=0 

Stops the machine if this instruction is executed 
when the Stop switch is on. The instruction becomes 
a Pass when the switch is off. 

INP Input to A -CFl=5} 

Read one word from an external device into the A 
register. The word in the fl register selects the send- 
ing device. If the device sends a reply, the next in- 
struction comes from P+l- If the device sends a re- 
ject, the next instruction comes from P+l+A, where A is 
an a-bit signed number including sign. An internal 
Reject causes the next instruction to come from P-iA. 
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7.5.2.3 



7.S-S-M 



7.2.2.5 



OUT Output from A -CFl=3> 



Output one word from the A registerto an external de- 



vi ce ■ i i is word 
ceiving device 



u register selects the re- 



If the device sends a reply, the 
next instruction comes from P+l. If the device sends 
a reject, the next instruction comes from P+l+A, 
where A is an fi-bit signed number including sign. An 
internal Reject causes the next instruction to come 
from P+A. 

ENA Enter A -CF1=A> 

Replace the contents of the A register with the fl-bit 
delta, sign extended. 

Inter-Register -CFl = fl} 

These instructions cause data from certain combina- 
tions of origin registers to be sent through ^~he ^-'-^^ 
to any combination of destination registers. Various 
operations, selected by the Adder control lines, are 
performed on the data as i t passes through the Adder. 



Format '• 
15- 



12 li- 



ft 7 







L 


X 

















a 


p 


R 


A 


a 


n 


A 


<2 


M 



— \J 

OP Code 



A 



Adder — 

Control Lines 



Origin Destina- 
Regis- tion 

ters Registers 
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Instructions 



Bit 7 b S M 3 



SET Set to Ones 

CLP Clear to Zero 

TRA Transfer A 

TR(2 Transfer (3 

TRB Transfer Q or M 

TCA Transfer Complement A 

TCn Transfer Complement N 

TC(3 Transfer Complement 0. 

TCB Transfer Complement (2 + H 

AAfl Transfer Arithmetic Sum A, fl 

AAB Transfer Arithmetic Sum A, Q, + fl 

EAM Transfer Exclusive OR A , fl 

E A (3 Transfer Exclusive OR A , Q 

EAB Transfer Exclusive OR A , d , + fl 

LAM Transfer Logical Product A, fl 

LA(3 Transfer Logical Product A, Q 

LAB Transfer Logical Product A, Q , + fl 

CAM Transfer Comp. Logical Product A, M 

CA(3 Transfer Comp. Logical Product A, 0. 

CAB Transfer Comp. Logical Product A, , + fl 



1 D D D 

D 1 D D 

1 1 D 

1 D D 1 D 

1 D 1 1 

D 1 1 D D 

D 1 D D 1 

D 1 D 1 D 

D 1 D 1 1 

D D 1 1 

D D 1 1 1 

D 1 1 D 1 

D 1 1 1 D 

D 1 1 1 1 

1 D 1 D 1 

10 110 

10 111 
1110 1 
1 1110 

11111 
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The origin registers are considered as operands, 
of which there are two kinds, defined as follows: 



Operand 1 may be 



a. FFFF -Cbit 5=0} 
lb 

or b. The contents of A -Cbit 5=1} 



Operand 5 may be: 

a. FFFF -Cbit M = and bit 3=0} 

or b- The contents of II -{bit M = Q and bit 3=1} 

or c The contents of Q -Cbit M = l and bit 3=0} 

or d. The OR, bit by bit, of the contents of Q 

anrl H {M+- U = T anH hit- ~J- 7 \ 

?■:'•-. -5-1 Operations Possible 

LP=0 and XR=Q . The data placed in the destination 
register-Cs} is the arithmetic sum of operand 1 and 
operand E?. The overflow indicator operates the same 
as in ADD. 

LP =1 and XR=Q . The data placed in the destination 
register-Cs} is the logical product, bit by bit, of 
operand 1 and operand E?. 

LP = and XR=], . The data placed in the destination 
register-Cs} is the exclusive OR, bit by bit, of op- 
erand 1 and operand 2. 

LP=1 and XR=1 - The data in the destination register-Cs} 
is the complement of the logical product, bit by bit, 
of operand 1 and operand E- 
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Operand 
1 


Operand 


LP = D 
XR=1 


LP=1 
XR = 


LP=1 
XR=l 


LP=D 
XR=0 




D 
1 
1 


□ 

i 

D 
1 


D 
1 
1 



D 
D 

1 


1 

1 
1 
D 


Ari thmetic 
Sum 



Table 7-3. Interregis ter Instruction Truth Table 



7.2.5.S-2 



Notes 



Register transfers can be accomplished with LP=D, 
XR=D, and making operand 1 or operand 2 equal to 



FFFF 



If 



+- 1~ /-, . I -J r-. r-, o A -I- I- r^ ^ 

LI uy my c l LllC! 



Magnitude comparisons wi ^h^' ■ *~ ^e c 

operand can be done with LP=D, XR=0, no'destina- 

<-iv_iii i Lyuitr JClCucu aiiu LCiL Illy t I I <i UVtPt lOW 

indicator • 

Complementing registers can be done with LP=D, 
XR=i, and making operand 1 or operand 2 equal to 

FFFF W 



7.2.2.b 



7.2.2-7 



INA Increase A -CFl=T> 

Replaces the contents of A with the sum of the initial 
contents of A and delta. Delta is treated as a signed 
number with the sign extended into the upper fl bits. 
Operation of overflow is the same as in AD]). 

IN<3 Increase Q -CF1=D> 

Replaces the contents of <2 with the sum of the initial 
contents of Q and delta. Delta is treated as a signed 
number, with the sign extended into the upper fi bits. 
Operation of overflow is the same as in ADD. 
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7. 2. 2. a 



7.2.2.T 
7. 2. 2. ID 



EN<2 Enter 0. -CFl=C> 

Replaces the contents of £j 
extended. 



wicn tne o-oit aeita, sign 



NOP No Operation -CFl=B> A = D 
Shifts As Defined Below 



Mnemonic Instruction Name 

ARS A Right Shift 

(3RS a Right Shift 

LRS Long Right Shift -CflAJ 

ALS A Left Shift 

LLS Long Left Shift 



Format 



D D D 



1111 



l=Shift Left _ 
D=Shift Right 

l=Shift A" 



A 4^ A 



l=Shift a- 



Shift Count 



Shifts A or a, or CA , left or right the number of 
places specified by the 5-bit shift count. , Sign is 
extended on right shifts. Left shifts ar<= end- 
around. 
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7. 2. 2. 11 



The following instructions are legal only if the PROGRAM 
PROTECT switch is off or i f the instructions themselves 
are protected- If an instruction is illegal, it be- 

rnmor za ^ol nrf tiio ^* 4-r^ r^ n^rj -?»-»4-r-»»^i-%ii»-%+- ^ »-^ Dmnnus^m n««4-n/-+- 

^-uin^-o »-* *js^i'w\.4_iv^- li i.up unu i i i i_^ r i ui^-*u ljii i i uvjr am r i u i.^**. i_ 

Fault is possible -Cif selected} 

Switch ON: Selective Stop unless instruction is 
protected. 

Switch OFF: Normal execution -Cno program protection}. 



7.2.2.11.1 EIN Enable Interrupt -CFl = M> A = Q 

Activates the interrupt system. The interrupt system 
must be active and the mask bit set for an interrupt 
to be recognized. 



7- 2.8-11. 2 



7.2-2.11-3 



7. 2- 2- 11- M 



7. 2. 2. 11- S 



7. 2.5. 11. b 



UN Inhibit Interrupt -CFl=S> A=D 

Deactivates interrupt system. 

EXI Exit Interrupt State -CF1=E} 

This instruction must be used to exit from any inter- 
rupt state. Delta defines the interrupt state from 
which the exit is taken- -[Refer to Table X>. This 
instruction automatically reads the address containing 
the return address, resets the Overflow indicator accord- 
ing to bit It. if the computer is in 32K mode, activates 
the interrupt system and jumps to the return address. 

SPB Set Program Protect {Fl=b> A=D 

Sets the program protect bit in the address specified 
by Q- 

CPB Clear Program Protect -CFl = 7> A = D 

Clears the program protect bit in the address specified 
by <2- 

Any Interregister instruction in which bit D is a *i*. 
This bit selects M as a Destination Register. 
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7.2.3 



Skips 



J,N1 r mean u\- l uiiu ji i*-* * a i_i*w iu\_ni i i i^ut wi icii L I ic ouui c^i 

mode field is 1 and the instruction mode field is D. 



Format 



IS- 



-12 li- 



ft 7 



4 3 



D D D 



D D D 1 



"V" 



~\/~ 



-v 



Instruction Sub Skip 

Instruction Instruction 
-CFH -CF2> 



Skip 
Count 



Whe> 



■ ■ ■ - i I— ^-wi i>_t i v. i<_h i »^> ins; l t LUC v_l_)l I LCI I L ij Ul LI Ic 



skip count +1 is added to P to obtain the address of 
the next instruction {e.g., when the skip count is 
zero, go to P+l>. Uhen the skip condition is not met, 
the address of the next instruction is P+l {skip count 
ignored!. The skip count does not have a sign bit- 



7-2.3.1 
7.2.3.2 
7.2-3.3 
7-2.3.4 
7-2.3. S 
7.2.3.b 
7.2.3.7 
7. 2. 3. ft 



SAZ Skip if A = +D -CF2=0} 

SAN Skip if A*+0 -CF2 = 1> 

SAP Skip if A = + -CF2=2> 

SAM Skip if A = - -CF2 = 3> 

StfZ Skip if c3=+D -CF2 = 4> 

SON Skip if Qt+0 -CF2=51 

SOP Skip if a=+ -CF2=bl 

SflPI Skip if <3 = - -CF2=71 
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7.2.3.1 

7. 2. 3. ID 

7.2-3-11 

7.2.3.12 

7.2.3.13 

7.2.3-m 

7.2.3. IS 



7.2-3. lb 



SUS Skip if switch set -CF2=fi> 

SUN Skip if switch not set •CF2 = c i} 

SOV Skip on overflow -CF2=A> 

SNO Skip on no overflow -CF2=B> 

SPE Skip on storage parity error -CF2 = C> 

SNP Skip on no storage parity error -CF2=D> 

SPF Skip on Program Protect Fault -CF2=EJ 

Program protect fault is set by: 

1- A nonprotected instruction attempting to write 
into a protected address. 



A Protected in^trnrt-inn Pvpmt-pH 






following a nonprotected instruction except if 
an interrupt caused the instruction sequence. 

3. Execution of any nonprotected instruction affect- 
interrupt mask or enables. 

The program protect fault is cleared when it is sensed. 
The program protect fault cannot be set if the program 
protect system is disabled. 

SNF Skip on no Program Protect Fault -CF2=F} 

Refer to SPF for conditions for a Program Protect 
Faul t. 
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7.3 



Enhanced Instructions 

Instruction formats for enhancement to the 1700 Instruction 
Repertorie are upward compatible with the existing 17DM/14/flM 
rnmmifcpr . 



7.3-1 Type 5 Storage Reference Instructions 
FORMAT: 



is, 




1511 




a 


7 h 5 3 5 





' i^ 


1 M 1 ' 


r ii 'Ra Rb 


FM 


FS 


A 



Type E storage reference instructions are identified when 
the F field is z°roi the Fl field is equal to fourn and 



registers Ra and Rb are not both 

register Ci.e.-iboth not zeroi see below>. 



~- y~i v-. v_ . 



to ^ e *"he "^ 



The Type E storage reference instruction contains four 
parts: Instruction Field -CFM3-T Instruction Mode Field -CFSJt 
Addressing Node Fields -Cdeltai ri it and Ra}i and Register 
Rb. From thesen two operands -CA and B> are specified for the 
executing of the instruction. 

The FM field determines the instruction -Ce.g.n add-, subtract-i 
etc.>n the FS field determines the instruction mode -Ce.g.i 
word or character}. The Addressing node Fields contains four 
fields to determine the addressing: 

1> Delta determines S or It bit addressing -Ci.e.-i whether 
the instruction is two or three words}. 

E> Flag r is the relative address flag. 

33- Flag i is the indirect address flag. 

M> Register Ra is the index register. 

The Addressing flode Fields determine the address for operand Ai 
register Rb and Instruction node Field F4 determines the address- 
ing for operand B. Table 1 specifies the addressing modes-i the 
effective addressi and the address of the next instruction. 
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7.3.1 Type S Storage Reference Instructions -[Continued} 

The following definitions apply to the description of addressing 
modes. 

Instruction Address : the address of the instruction being 
executed! also called P. 

. Indirect Address : a storage address which contains an 
address rather than an operand. {Currently! there is no 
implementation of indirect addressing]-. 



Base Address : the operand address after all indirect 
addressing but before modification by an index register. 
The base address is the effective address if no index- 
ing is speci f ied. 

Effective Address : the final address of the operand. 

Indexi ng : If specified! the contents of register Ra 
is added to the base address to form the effective 
address. Indexing occurs after indirect addressing has 
been completed. 

The computer uses the lb-bit one's complement adder 
during Indexing operations. Consequently! index regis- 
ter contents are treated as signed quantities {bit IS is 
the sign bit}. 

Regi sters : the registers Ra and Rb are defined as 
follows: 



Register 

I 
1 

3 
M 

a 

A 
None 



Value 


1 
2 
3 
M 
S 
h 
7 



omo 



J?9 




flMTfl 
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7.3.1 



Type E Storage Reference Instructions {Continued} 



Type E storage reference instructions have four different 
types of addressing modes. They are: 

1. fl-Bit Absolute -Cr is zero-i i is zeron and delta is not 
zero>. The base address equals delta. The sign bit of 
delta is not extended. The contents of index register 
Ran when specified! is added to the base address to form 
the effective address. 

If no indexing takes place-i the addresses which can be 
referenced in the fi-bit Absolute mode are restricted to 
the low core area. Delta is eight bits in length and 
thus the computer references a location between DDD1 and 
DOFF inclusive. 

5. 6-Bit Relative -Cr is onei i is zeroi and delta is not 



zero}. The base 
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address plus onei P+l-i plus the value of delta with 
sign extended. The contents of index register Ra-i wnen 

specifiedn is added to the base address to form the 
effective address. 

If no indexing takes placei the addresses which can 
be referenced in the fl-Bit Relative mode are restricted 
to the program area. Delta is eight bits in length and 
thus the computer references a location between P-7E 
and P+flO inclusive. 

lb-Bit Absolute -Cr is zero n i is onei and delta is 



zero}. The base address equals the contents of P+E. 
The contents of index register Ran when specified! is 
added to the base address to form the effective address. 

lb-Bit Relative -Cr is onen i is zero-i and delta is 
zero}. The base address equals the contents of P+S 
plus P+E. The contents of index register Rat when 
specified! is added to the base address to form the 
effective address. 
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7-3-1 



Type 5 Storage Reference Instructions {Continued} 



TYPE E STORAGE ADDRESSING RELATIONSHIPS 























t 




Address Of 


Np 


Mode 


Delta 


r 


i ; Ra 


Effective Address 


Instruct 


i or 


6-Bit Absolute 


A* 


D 





A + -CI} 


p+? 












1 


A + -CI} 
















2 


A + 12} 
















3 


A + -C3> 
















4 


A + 14} 
















S 


A + -co} 
















b 


A + -CA} 














7 


7 


A 








9 -Bit Relative 






l 


D 
1 
2 
3 
4 
S 
b 


P+l+A-CSr}+ {1} 
P+1+A-CSE}+ -CI} 
P+1+AISEI+ xZ7 
P+1+A-CSE}+ £3} 
P+1+A-CSE}+ -C4} 
P+1+A-CSE}+ -Cfl} 
P+1+A-CSE} + -CA} 








- 


\ 


f 


V \ 


7 ? 


P+1+A-CSE} 


.♦ 




lb-Bit Absolute 


A =o 


D 


L D 


IP+2} + -CI> 


P+3 












1 


-CP+2} + -CI} 














2 


-CP+2} + -C2} 
















3 


-CP+2} + -C3} 
















4 


-CP+2} + -C4} 
















s 


-CP+2} + «> 
















b 


-CP + 2} + -CA} 












■- 


f V 


^ 7 


-CP+2} 








I .-Bit Relative 






1 C 


) 

i 

2 
3 

Ll 

I 


P+2+-CP+2} + -CI} 
P+2+-CP+2} + -CI} 
P+2+-CP+2} + -C2} 
P+2+-CP+2} + {3} 

r+C+ir-rcj- T T.1J- 

P+2 + -CP+2} + -CO} 
P + 2 + -CP + 2} + -CA} 










V 




7 ? 


, 7 


P+2 + -CP + 2} 


1 


t 





Note: -C } denotes "contents of" 
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7.3.1. Type 5 Storage Reference Instructions {Continued} 
ttotes : 

A. The format is similar to the Type 1 interregister 
instructions. 

B. Fl=7 was chosen because Type 1 interregister instructions 
have Fl=fl. Thus the Fl codes will be adjacent. 

C Note that if F5a is zero and registers Ra and Rb are 
specified to be the I register! the instruction is a 
clear program protect bit -CCPB}. 

D. Field F2a is reserved for future expansion for the Type 
2 interregister instruction format. 

E. The value of 7 {none} cannot be used for either Ra or 
Rb. 

F. The former mnemonic -CTRR} was changed to avoid conflict 
with TRA and TR<3. 
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7.3-5 



Type E Skip Instructions 
FORMAT: 



?,5 



.1511 



-£=£L 



.67 



si 



5Z 



1 3 



ED 




SMZ 


SK 




SMN 


SK 




SMP 


SK 




smm 


SK 




S1Z 


SK 




SIN 


SK 




SIP 


SK 




sin 


SK 1 
1 




SEZ 


SK 




SEN 


SK 






SEP 


SK 



-CF5 = 0} 
■CFE = 1> 
-CFE=5> 
■CFE=3> 
-{FS=M} 
■CFE = S> 
■CF5=b> 
-CFS=?} 
-CF£=fl} 
-CFE^} 
■CFS = A> 



Skip if register M is a positive zero 
•Call bits are zero}. 

Skip if register M is not a positive 
2ero -Cnot all bits are zero*. 

Skip if register" is positive -Cbit 
15 is a zero}. 

Skip if register is negative -Cbit 
15 is a one}. 

Skip if register 1 is a positive zero 
■Call bits are zero}. 

Skip if register 1 is not a positive 
zero -Cnot all bits are zero}. 

Skip if register 1 is positive -Cbit 15 
is a zero}. 

-Skip if register 1 is negative -Cbit 
15 is a one}. 

Skip if register E is a positive zero 
■Call bits are zero}. 

Skip if register E is not a positive 
zero -Cnot all bits are zero}. 

Skip if register E is positive -Cbit 
IS is a zero}. 
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7.3.E Type 2 Skip Instructions {Continued} 



S2I1 


SK 




S3Z 


SK 




S3N 


SK 




S3P 


SK 




S3M 


SK 


Notes: 



-CF2=B} 
-CF2 = 
-CF2=a} 
■CF2 = E> 
{F2 = F} 



Skip if register 2 is negative -Cbit 
15 is a one}. 

Skip if register 3 is a positive zero 
■Call bits are zero}. 

Skip if register 3 is not a positive 
zero {not all bits are zero}. 

Skip if register 3 is positive -Cbit 
15 is a zero}. 

Skip if register 3 is negative {bit 
IS is a one}. 



1. The format is exactly the same as the Type 1 skip instruc- 
tions. 

2. F1=0 was chosen because Type 1 skip instructions have Fl=l. 
Thus the Fl codes will be adjacent. 

3- Note that if F2 and SK are zeroi the instruction is a selec- 
tive stop -CSLS}. 
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7.3-3 Field Reference Instructions 
FORMAT: 



IE 1 3 1 1 A 


■3 


— - 


C P 


3 n 


" ' 'n " M ' , 


r 


i 


! i 
Ra 


1 1 

F3a 


_____ n 

FLDSTR 1 FLDLTH 


r A 



Field reference 
is zeron the Fl 
not zero. 



instructions are identified 
field is equal to fiven and 



when the F field 
the F3a field is 



Field reference instructions contain four parts: instruction 
field -CF3a>- addressing mode fields {delta- r-> in and RaD-i 
FLDSTR and FLDLTH fields. The F3a field determines the instruc- 
tion -Ce.g.i loadn storen etc}. The addressing mode fields are 
defined exactly as the Type S storage reference instructions 
{see I3-. 

FLDSTR defines the starting bit of the field: FLDSTR=0 means 
the field starts at bit □=, FLDSTR=1S means the field starts at 
bit IS. FLDLTH defines the length of the field minus one: 
FLDLTH=0 means the field is one bit longi FLDLTH=1S means the 
field is 1_ bits long. 

A field starts at the bit specified by FLDSTR and includes 

FLDLTH contiguous bits to the right of that bit. No field 

may cross a word boundary 1 , e.g.-, if FLDSTR=0n the field 
length must be one bit long -CFLDLTH=D>. 



SFZ 



SFN 



■CF3a=E> 

If the contents of the specified field 
of the storage location specified by 
the effective address are zero -Call 
bits are zero> 1 skip one locations 
.otherwise execute the next instruction. 

■CF3a=3> 

If the contents of the specified field 
of the storage location specified by 
the effective address are non-zero 
■Cnot all bits are zero}i skip one loca- 
tion^ otherwise execute the next instruc 
tion. 

Note: Each skip field instruction 
assumes that a one word in- 
struction follows it. 
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7.3. 3 



Field Reference Instructions {Continued} 



LF" A 



SFA 



CLF 



SEF 



Load register A-. right justified! with the 
contents of the specified field of the 
storage location specified by the effec- 
tive address. All other bits of register 
A are cleared to zero. The contents of 
storage are not altered. 

■CF3a=S> 

Store the contents of the field f r0 m register 

At right justified, into the speci- 
fied field of the storage location specified 
by the effective address. All other bi^.s 
of storage are unchanged. Memory is locked 
until completion of the instruction. The 
contents of A are not altered. 

■CF3a=b> 

Clear to all zeros the specified field of 
the storage location specified by the effec- 
tive address. All other bits of storage 
are unchanged. Memory is locked until 
completion of the instruction. 

■CF3a=?> 

Set to all ones the specified field of the 
storage location specified by the effective 
address. All other bits of storage are 
unchanged. Memory is locked until comple- 
tion of the instructions. 



Notes: 



a. 

3. 



S. 



Format is similar to the Type 1 interregister 

instructions- 

The used F3a code is for future expansion- 

Note that if r and i are zero-, register Ra is 

specified to be the I register, and F3a equals 

zero, the instruction is an inhibit interrupt *IIN>. 

The value of seven -Cnone} is used for Ra, if no 

indexing is specified- 

The mnemonics LDF and STF have * m - c ** n *l**°Jf* ( 

and SFA to be compatible with type 2 storage referenc 

instructions -Csee I> • 
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7.3.M Decrement and Skip Backwards Instructions 
FORMAT: 



IS 


12 11 




8 7 5 4 3 





1 'o' 


1 1 


t 


l D 1 n l-J 

Ra D SK 


1 



The decrement and skip backwards instruction is specified when 
the F field is zero-i the Fl field is equal to sixn and the skip 
count -CSO is not zero. When the skip condition is msti the 
skip count is subtracted from the P register to obtain the 
address of the next instruction -Ce.g.n when the skip count is onei 
go to P-l>. Uhen the skip condition is not rr.et-.the address of 
the next instruction is P+l. The skip count does not have a sign 
bit and cannot be zero. Register Ra specifies the register to 
be decremented and tested. 



DIP 



DIP 



D2P 



D3P 



D4P 



•TRa=0> 

Decrement b ,; one the contents of register I aid 
skip backwards SK locations if the con- 
tents of register I are positive} othei — 
wise execute the next instruction. 

■CRa=l> 

Decrement by one the contents of register 1 and 
skip backwards SK locations if the con- 
tents of register 1 are positive} othei — 
wise execute the next instruction. 

-CRa=2> 

Decrement by one the contents of register 2 anc 
skip backwards SK locations if the con- 
tents of register 2 are positive} other- 
wise execute the instruction. 



•CRa=3> 

Decrement by one the contents of register 3 
skip backwards SK locations if the con- 
tents of register 3 are positive} othei — 
wise execute the next instruction. 



anc 



■CRa=M> 

Decrement by one the contents of register 
skip backwards SK locations if the con- 
tents of register M are positive} other- 
wise execute the next instruction. 



^ ant. 
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7.3. M 



Decrement and Skip Backwards Instructions {Continued} 



DtfP 



N 



LAP 



•£Ra=S> 

Decrement by one the contents of register Q. anc 
skip backwards SK locations if the con- 
tents of register Q. are positive} othei — 
wise execute the next instruction. 

•CRa=b> 

Decrement by one the contents of register A anc 
skip backwards SK locations if the con- 
tents of register A are positive} other- 
wise execute the next instruction. 



Notes: 

1. The format is similar to Type 1 and Type 2 skip instruc- 
tions. 

2. Bit M must be equal zero} bit M=l is reserved for future 
expansion. 

3. Note that if the skip count is zero and register Ra is 
specified as the register In the instruction is a set pro- 
gram protect bit -CSPBD-. 
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7.3.5 



Miscellaneous Instructions 



FORMAT: 



15 



IE 11 



fl 7 5 M 3 



T 



B 



Ra 1 



F3 



Miscellaneous instructions are identified when the F field is 
zeron the Fl field is equal to a decimal eleven -Chex B>i and 
the F3 field is not zero. Various operations ar& selected via 
the F3 fields while register Ra may be used to specify an op- 
erand. Register Ra is defined as follows: 



Register 

I 
1 
2 

3 

Q 
A 
None 



Value 



1 

a 

3 
M 
5 
h 

7 



■CNote that the symbol R below is equivalent to Ra>. 



GPE 



6P0 



LUB R 



Generate Character Parity £\jen -CF3=2} 

Set or clear bit 7 of register A to cause 
the parity of bits 0-7 to be even. The 
rest of the contents of register A are not 
altered. Register Ra is not used. 

Generate Character Parity Odd -CF3=3> 

Set or clear bit 7 of register A to cause 
the parity of bits 0-7 to be odd. The 
rest of the contents of register A are not 
altered. Register Ra is not used. 

Load Upper Unprotected Bounds Register -CF3=M> 



Load the upper unprotected bounds register 
from the contents of register R. 



etna 



/ 3 f 




em m i 
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7.3.5 riiscellaneous Instructions {Continued} 

r 1 

Load Lower Unprotected Bounds Register iF3=5} 



EMA 



EMI 



SIO 



LMP R 



Load the lower unprotected bounds register' 
from the contents of register R. 

Execute Firmware Sequence from Macro-memory -CF3=t>: 



Transfer machine control to the storage 
location -Cmacromemory} specified by the 
contents of register R with further mach- 
ine control being from storage rather than 
micromemory. After completion of the 
firmware sequence! control may be returned 
to the next instruction address -CP+1}. 

Execute Firmware Sequence from Micro-memory iF3 = 7> 



Transfer machine control to the micromemory 
address specified by the contents of 
register R. After completion of the 
firmware sequence! control may be returned 
to the next instruction address -CP+13-. 

Set/Sample Output or Input -CF3=fi} 

For outputn one word from the register A 
is set -Coutput} to an external device. The 
word in register Q. selects the receiving 
device* 

For input! one word from an external de- 
vice is sampled {input} to register A- The 
word in register (3 selects the sending 
device. 

This instruction permits transmission to/ 
from M05 peripheral devices. Register 
Ra is not used. 

Load Memory Page Register -CF3 =c r} 

Load the memory page register specified by 
the contents of bitslM and IS of register R 
with the contents of bits 0-3 of register R- 
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Miscellaneous Instructions {Continued} 



Notes: 

1- Note that if register Ra is specified as register I and 
the F3 field is zeroi the instruction will be a no 
operation -CN0P3-. 

S. Bit 4 must be equal to zeroi bit M = l -Calong with unused 
F3 codes} is reserved for future expansion. 

3. Further definition for the contents of register 0. in the 
SIO instruction will be needed. 

M- All miscellaneous instructions are protected- 
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7.4 



1/00 Emulation 



Thi c corH nn ronf^-in*; a rio«;rr> , ir>t' , inn 

■••■•■• . — . . . — — _ _ r — 



of the It bit micro 
processor configuration applicable to 17DD emulations as 
well as the concepts which must be understood regarding the 
17DD transform module to properly emulate the 1700 macro 
instruction repertorie. 



7.4.1 17DD Transform - Three types of micro program selectable 

transform execution are possibles they are an MA transform! 
K or N transforms or a combined MA and K transform. These 
transform commands are coded in the C field of a micro instruc- 
tion as TMA/j-, TK/J-.TN/J-, and TMAK/j or GITMAK/j. The 
letter j is decoded as the lower 4 bits of the micro instruction 
for MA transforms {lb selections}! and as the lower 3 bits of 
the micro instruction for K or N transforms -Cfl selections}- 
These bits specify the selector position to use for MA selector 
S5 {lb positions> and K or N selector SS -Cfi positions}. 

The 17D0 transform module provides for more efficient emulation 
of the basic 17D0 instructions by including specialized 
hardware. A block diagram of the 1700 transform module is 
shown in Figure 7-1- The IXT register holds the current 
micro instruction being emulated. The IXT 1 register holds 
the least significant a bits of the macro instruction and is 
capable of being shifted left or right. 

The IXT register is loaded by executing a main memory READ 
micro instruction followed by a micro instruction with a 
GITMAK/j or GITMAK/XT C field micro command. The execution 
of the micro instruction with the GITMAK command results in 
the following operations: 



GITMAK/j 



GITMAK/XT - 



1} Output data from main memory is gated into 
IXT register. 

2} An MA and K transform are executed based 
on the value of j {limited to positions 
0-7}. 

1} Output data from main memory is gated 

into IXT and IXT 1 registers- 
2} One of eight MA transforms is executed based 

on the macro instruction loaded into the IXT 

register {selected from SS positions A-153-. 

The K register will always be transformed 

from Sfl position 7. 
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7.M.1 17QD Transforms {Continued} 

I 6ITMAK/XT Tl- Thp mnct- cinnifirant 1.L hffr ~* 4-U~ ~;,-.»~ 

instruction register {MIR} are loaded 
with a micro command encoded off the macro 
instruction residing in the IXT register. 
This operation is referred to as a trans- 
form of MIR {XT/MIR}. The least signifi- 
cant lb bits of MIR are loaded from micro 
memory. 

The special transforms selected by the transform hardware 

whenever a GITMAK/XT command is executed are shown in Figures 

7-5-. 7-3-, and 7-i4. 



The MP17 MA transform assignments are shown in Figure 7-5. 
MA transforms a through IS are used for emulation of the 
basic 170D instructions. MA transforms D through 7 are used 
for emulating the 17DD enhanced instructions- The letter 
C in these transforms indicates a bias to be determined 
when the emulation micro program is written. Transforms 
In 3 and S may not be required and may be eliminated from 
the final transform design. 
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mode 

Absolute 
Constant 

Absolute 
Constant 

Absolute 
Constant 

Absolute 
Constant 

Indirect 
Storage 

Indirect 



Storage 

Indirect 
Storage 

Relative 
16-Bit Relative 

Relative 
16-Bit Relative 

Relative 
16-Bit Relative 

Relative 
16-Bit Relative 

Relative Ind. 
Relative Ind. 

Relative Ind 
Relative Ind. 

Relative Ind. 
Relative Ind. 

Relative Ind. 
Relative Ind. 



1 1 
(BINARY) 

0000 



0001 



00010 



0011 



0100 



0101 



01 10 



0111 



1000 



1001 



1010 



1011 



1100 



1101 



1110 



1111 



8 



B 



D 



E 
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to 

=0 

*0 

= 

*o 

= 

t* 

= 

to 

= 

*o 
= 

*0 
= 

~w 

= 
=0 

*o 

= 

y 

■0 

io 

= 

*o 

= 

*o 

= 

*o 

= 



XT/F 
XT/F1 

XT/F 
EX/F1 1 

XT/F 
XT/F1 1 

XT/COK 

xt/ft 1 



XT/F1 
XT/F1 

XT/FlJ- 
XT/F1 1 

.., 1 

XT/H, 

XT/F1 1 

XT/F1 
XT/F1 1 

XT/F 
XT/F1 

XT/F1 
XT/F1 

XT/F1 
XT/F1 

XT/F1 
XT/F1 

XT/F1 1 
XT /COM 

XT/F1 
XT/CON 

XT/F1 1 
XT /CON 

XT/F1 1 
XT/CON 



P+l- 

A +r.00FF} 
P+l - p 

A +[Q]- 
P+l 

A +[00FF]- 
P+l -P 



-X, AB 
— »P, AB 



-X, AB 



P, AB 



-X, AB 



, AB 

*X, AB 



*P, 



P+l- 



, AB 

X, AB 
*P. 



AB 



P+t- 



-X, AB 

— P, AB 



A— 

P+l- 



- V ft T) 



•P, AB 



A -X, AB 

P+l -P, AB 

P+A(SE) 

p+l - 



-X, AB 



P, AB 



P+A(SE) 
P+l 

P+A(SE) 

p+l ' 

P+A(SE) 
P+l- " 

P+A(SE) 

p+l ' 



-x, 



, AB 
P, AB 



-X, AB 



P, AB 

— X, AB 

P, AE 



u, -X, AE 

* P , AE 



P+ A(SE) 
P+l — 

P+A(SE) 

P+l " 



X, 



, AE 
P, AB 



— X 
■P, AB 



p+ACr.E)- 

p+i -■ 



FIGURE 7-2 
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P, AE 



, AB 
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Fl (BINARY) 

0000 

0001 
0010 
0011 
0100 

101 

110 

0111 

1000 
1001 
1010 
1011 

1100 
1101 
1110 



MA 'TRANSFORM 



XT/F1 



XT/ri 



XT/F1 



XT/F1 



Xt/Fl 
XT/F1 
XT/F1 

XT/F1 
XT/F1 



A 1 / i J- 



MIR TRANSFORM 



No-Op 



COMMENT 



Sel Stop (A=0) 
Inst. Enh. (A*0) 



XT/SKIP 


P+A(SKIP>— - X, AB 


SKIP 


XT/F1 


P+A(SE)-— F, AB 


Input to A 


XT/F1 


P+A(SE)-~F, AB 


Output from A 


XT/F1 


No-Op 


Enable Int. (A=0 
Inst. Enh. (A*0) 



No-Op 



g— -kh 



Q— AB 



P+3r— P, AB 
P+l—P, AB 
No-Op 

P+l—P, AB 
P+l—P, AB 
AfTWM— -£- AR 

ft— m\ *-i--, • - 1 - - — 



1111 XT/SHIFT A—F 

*See 1700 Inter Register Transforms 



Inhibit Int. <A=0) 
Inst . Enh , (A^ n ) 

Set prop. Protect (A" n ) 
Inst. Enh. (A*0) 

Clr. Prop. Protect (A=0) 
Inst. Enh. (A*0) 

Inter Register 

Increase A 

Enter A 

Pass CA=0) 
Inst. Enh. (A^0) 

Enter Q 

Increase Q 

Exit Int. 

Shift 



FIGURE 7-3: 1700REGISTF.R REFERENCE TRANSFORMS (GITMAK/XT) 
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MA TRANSFORM 


S 






XT/IR 








XT/IRM 






MIR TRANSFORMS 


s 


MIR 


FIELDS 




F 


A 


' B 


D 




*— 


«■*• 




ADDT 


- 


- 


- 


A'B 


- 


- 


- 


A©B 


- 


- 


- 


A+B 


- 


- 


- 


ABD+ 


- 


- 


- 




One's 


- 


- 




A Reg 


- 


- 




P Reg 


- 


- 






One's 


- 






Q Reg 


- 


* 




Zero 


No- Op 
A Reg* 
Reg* 
F Reg 
P Reg* 
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LP XR 
107 106 



0- 

1 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 






1 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



CONDITION 

M not origin reg. 
M is origin reg. 



CONDITION 



Origin 



Dest. 



A Q M A Q M 

105 104 103 102 101 100 



X 
X 
X 
X 
X 

r» 

l 
x 

X 
X 
X 
X 
X 
X 
X 
X 



X 
X 
X 

x 

X 

V 

X 
X 



1 

X 
X 
X 
X 
X 
X 








1 
o 



1 




1 






1 



X 
X 
X 
X 
X 
V 

X 
X 
X 
X 
X 


1 



X 



X 
X 
X 
X 
X 
y 

X 
X 
X 
X 
X 

X 

1 


X 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

1 

X 



*No-0p if protect violation detected. 
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XT_ 
XT /REG 

XT/F4 



XT/F?a 



XT/F2 



XT/F3a 



XT/F3 



XT/SI 



XT/S2 



MlR 
28-31 
(2) , 



S5 

HA TRANSFORM 



XT 



MIR 

28-31 

(2) 



S5 

MA TRANSFORM 



■ — ixr 



G 1_CJ_C_1.C J C 110 |ll|12l 



IXT 



C | C |C |C |00|01102)03 



-TXT^H 



:c | c j c | C | C j C I 08 j 09 



XT /SKIP 8 



XT/SHIFT 9 



XT/IR 10 



IXT 



1| II |_08j 09 110 I 3-3-10 



riXT 



1| 11 1 |1 10 |08l09jl0 




-IXT- 



C I C |C |C |08|09|10|11 



-IXT- 



C\ C \C 1C (C | 13111115 



-IXT- 



C 1 C |C |C |1U115|0R|09 




XT/F 11 



XT/IRM 12 



XT/F1 13 



XT/Fl" 1 - 11 



XT/CON 15 



1 ■— 

111 | o I oo| oi 



IXT 1 

[02]03j 




kt +X1 

H o I o | o 10 IQ ixi 



1 



X0; F1=00XX + Multi-Level Indirect Mode 
Xi; Protect Violation 



FIGURE 7-5: KP17 MA TRANSFORMS 
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XT 



XT/S2 



XT/SHIFT 1 



MIR 




■» «•> #» * 


r o 


'/jy-jx 




(2) 


K/N TRANSFORM 



S2 



08|09I10|11|12|13|1U|15 



XT/EXTINT 2 







|0 







i IXT 
10 till 12 |13I14|15 




1 


11 


! S2 1 

1121 131 14 |15| | 





XT/REG 3 



I IXT — 

|0 |0 |0 | |10|11|12 



XT/SI 4 



SI 



08|0QllOlll | 12 113 114115 



XT/FLDSTR 5 



XT /MIR 6 




941 251261 27j 28 J29 130 [31 



XT/TTrirrlT i 



IXT- 



n | o In I o Lou |nsior> 107 






FIGURE 7-6: MP17 K/N TRANSFORMS 
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7.4,1 1700 Transforms (Continued) 

The MP17 K/H transform assignments are shown in Figure 7-6. Transforms 
0, 4 and 6 are general purpose transforms. Transforms 1, 3, 5 and 7, 
are used for 1700 emulation and transform 2 is used for processing 
external interrupts during auto data transfers. 

The IXT 1 register is utilized during emulations of 1700 enhanced 
instructions, and serves two functions. 

A, Provides a holding register for least significant eight bits o. 
*-.•_.■. _,_„- ,'^ +-v-..^+ ■• «t> wnrr' *nr< HrMjblp word formats I and IV, 

B. Provides the capability of shifting the least significant eight 
bits of first macro instruction right or left for more flexibility 
in emulating the enhanced instruction formats. 



The IXT 1 register is shifted by executing a micro instruction with 
F = 11100. The type of shift is determined by the coding of bits 7 
to 12 of the micro instruction as shown below, and the number of shifts 
is determined by the contents of the N register. 
MICRO INSTRUCTION BITS 



Operation 



7 8 9 
10 
10 



11 12 
1 



IXT right shifted (M) bits end around 
IXT 1 left shifted (N) bits end around 



7.4.2 



MP17 Bit Test Assignments - The following bit test assignments are 

applicable to 1700 emulation. 

BIT Operat ion 

Open 



M 



$ 
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7,4,2 MP17 Bit Test Assignments (Continued) 

■ BIT OPERATION 

1 Open 

2 Execute upper micro instruction if "i" field of 1700 enhanced 

format I or IV is a one. 

3 Execute upper micro instruction if "r" field of 1700 enhanced 
format I or IV is a one, 

k Execute upper micro instruction if bit "0" of F5 field of 1700 

enhanced format I is a one, 

5 Execute upper micro instruction if bit "1" of F5 field of 1700 
enhanced format I is a one. 

6 Execute lower micro instruction if selective stop switch set. 

7 Execute lower micro instruction if selective skip ^switch set. 

8 Execute upper micro instruction if the memory parity line is 
true (indicates even parity). 

9 Execute upper micro instruction if STORE 00FF (index "i") 
status is true, 

10 Execute upper micro instruction if DELTA = 0, 

11 Execute lower micro instruction if 1700 Storage reference 
address mode indicates Effective Address = Operand. 

12 Execute lower micro instruction if Storage Parity Error 
detected, 

13 Execute lower micro instruction if Storape Protect Fault 

detected, 
Ik Execute upper micro instruction if Multilevel Indirect Mode 

selected. 
15 Execute upper micro instruction if previous main memory 

write cycle was aborted. 
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7.U.3 



BIT 


Tunction 


100 


Double Precision 


101 


One's Complement 


102 


BG Input From N 


103 


Adder Split 


10U 


Memory Parity Error 


105 


Protect Fault 


106 


Active Interrupt System 


107 


Enable Decimal 




Arithmetic 


1 /"i <* 
1UO 


\t -.— lt,U 

ridcru lieu, l 



1700 S/M Register Bit Assignments - The following assignment of status 
and mode bits in the S/M register is applicable to 1700 emulation. 



DESCRIPTION 

Not included 

See general specification 

See general specification 

See general specification 

See general specification 

Set - Indicates 1700 protect fault occured 

Set - Activates sixteen 1700 interrupt 

levels. 
Set - Enables decimal correction codes 
to selectors SI and S2 via Fl input and 
enables decimal overflow test. (SM111 
must be cleared). 

r +- ^■n*-* *-\-p>n rlo^Tior? ( Cfrn*iprt ^ V? a 

firmware when selective stop condition 

detected. Causes console to initiate a 

constant interrupt until a "GO" function 

is received from external source. 

See general specification. 

See general specification. 

Set - Enables Fl to selectors SI and S2. 

Disables decimal corrections codes and 

data inputs to SI and S2. 

Set - Monitors ALU output for binary 

overflow for setting SM110. (SM107 

must be cleared). 

See general specification. 

Set - Activates interrupt system (sets 
SM106) on second GITMAK/XT micro instruction 
executed after setting pre-enable. Cleared 
by hardware. Utilized on 1700 EIM Macro. 
Set via console control which initates 
interrupt. Must be cleared by 1700 
Enhanced Macro a^ter processing interrupt. 

See Auto Data Transfer section 

See Auto Data Transfer section 
See Auto Data Transfer section 
See Auto Data Transfer section 
See general specification 



109 
110 
111 



113 
11U 

115 



Micro Halt 
Overflow 
Enable Fl 



112 Binary Overflow Test 



Select XT /MA 

(R/WMM) 

Pre-enable Interrupt 

System 



Macro BKP Interrupt 



200 


Auto-Data 




Transfer 


201 


Strobe /Read 


202 


Enable SPT, SSEL 


203 


Terminate 


20«4 


Autoload 


205 


Open 


206 


Open 



>st 
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7.4.3 



(Continued) 


BIT 


FUNCTION 


207 


Select Page XT /MA 


208 


Open 


209 


Enable Fault Detection 


210 


Enable MM to MIR 


211 


Enable DMA to MIR 


212 


Enable 1700 Enhance- 




ments 


213 


Console Request Control 


214 


Open 



ui,o<~i\ur i ivi* 



See general specification 

Set on GITMAK/XT micro instruction. Must 
be cleared by firmware during interrupt 
processing routine prior to executing 
first 1700 interrupt subroutine macro. 
See general specification 
See general specification 
Set - Provides special controls on 
transform module for enhanced format I. 
See general specification 



zxo 



up en 



BIT TEST 
A 



SEL 



SELECTOR S7 
(16 Positions) 



Ttmnttttttm 



SELECTOR S6 
4v 



TMA/j — T 

TMAK/j — 
-ITKAK/j — 



SEL 



SELECTOR S5 
(16 Positions) 






DECODE t 



LOAD 



I 



(GITHAK/J + GITMAK/XT) 



IXT 
"TIT- 



SELECTOR SI Or S2 
(VIA Fl INPUT) 



SM107 • .SM111 > 



DELTA 
ENABLE 



7f 



K/N REGISTERS 



TN/j -| 

TK/j - 

TMAK/i • 

GITMAK/i —I 



SELECTOR S8 
(8 Positions) 
*|sFL 



i 



IXT 



VV 



LS 8 BITS 



MAIN MEMORY DATA (16 BITS) 

FIGURE 7-1: 1700 TRANSFORM MODULE BOLCK DIAGRAM 



DECIMAL ARITH. 
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Internal I/O and Teletype/Display Controller: 

ThiQ module, which is standard in the Mini and Maxi configurati 
optional in peripheral controller configurations, occupies one car a slot 
in the MP17 cliassis. The following figure illustrates major signal flow 
paths to and from the I/O module. 



S/M REC ISTER — (*}-* 

cpu cor rROL --Q)-* 

INTERR 'TS -<t-(l6) 

ALU OL "UT ll^ P"j 



I/O MODULE 



Peripheral 
Controller 
Buss 



TTY/Display 
Control Lines 



I 



16} > 



Input Data 
To Main 
Tri- State 



Buss 



Transmitter/ 
Receivers To/ 
From Expansion 
Chassis 



The following basic functions are provided by this module: 

• Real Time Clock - This module contains a real time clock, which in 
conjunction with micro-code appears as a 1700 peripheral to the 
macro- level programmer. (Providing the MP17 is being utilized as a 
1700 emulator.) 

• I/O Teletype/Display Controller - Contained as an integral part of this 
module is an I/O teletype controller. The teletype to be used is the 
Teletype Corp. Models ASR/KDR 33/35. The display to be us ed is the 
Control Data Model 92423 conversational display terminal. When the 
MP17 is used as a 1700 emulator this controller will be compatible with 
CDC 1711 TTY Controller. 

• Internal Peripheral Controller Buss - This module provides all I/O data 
lines interrupts, and control signals necessary to generate, in con- 

Action witn micro-code, both an internal CDC 1700 A/Q (Input/Output) 
buss and an NCR 605 (set/sample)I/0 buss. This buss is TTL level and 
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is intended to interface to controllers located in the basic MP17 chassis. 
Physically the 1700 AQ buss and the NCR 605 buss utilize the same data 
and control paths. Only the controlling micro- code, and the controller 
differ. 

Transmitter/Receiver to/from Expansion Chassis: Differential trans- 
mitter/receivers are provided on this module for connection to an I/O 
extender module in the expansion chassis. This I/O extender module 
will recreate the Internal Peripheral controller buss in the expansion 
chassis. 

The CPU is interfaced to the I/O module in the following basic manner. 

ALU Output - All output data and address information is provided from 
the output of the ALU. 

S/M Register - All commands to peripheral controllers are generated 
by micro-code manipulation of the CPU status mode register. 

CPU Control - Timing and control information for controlling internal 
I/O module data gating is provided from CPU control signals. 

Interrupts - Although shown functionally as originating in the I/O module 
for transmission to the CPU interrupt circuitry, interrupts from peripheral 
controllers (within the basic chassis) actually are wired directly from 
the peripheral controller module to the CPU. Interrupts from the 
expansion chassis are received by the I/O module and then transmitted to 
the CPU. 



Input Data and Peripheral Response Signals 
to the CPU on the main CPU tri-state buss. 



All of these are provided 



7.5.1 
7.5.1.1 



Functional Operation: The following sub- sections describe the functional 
operation of this module . 

Output Data and Peripheral Addresses: All output data and peripheral address 
information is obtained from the output of the ALU, and held in registers 
contained on the I/O module. The following diagram illustrates this signal 
flow. 
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Available 
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The loading of the "D" and "Y" registers is controlled by micro-code 
instructions. The "D" register is used as the output data register. The 
outputs of the "D" register are available at peripher al controller ports on 
the MP17 backplane. The outputs of the "D" register are also transmitted 
to the I/O buss extender in the expansion chassis through 75110 transmitters. 
Functionally, when operating as a 1700 emulator, the "D" register output 
provides the same data as the 1700 "A" register during I/O. 



The "Y" 
register 
However 
register 
register 
chassis, 
provides 



register is used as the peripheral address register. The "Y" 
outputs are not transmitted to the expansion chassis directly. 
, the y register aata is iuaueu uuuugn uic uut^ui-o ui tuc u 
and the buss extender loads its own "Y" register from the "D" 
outputs at the same time "D" is transferred to "Y" in the basic 
When operating as a 1700 emulator the "Y" register functionally 
1700 "Q" register information to peripherals. 
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The "D" register is loaded by execution of a micro- instruction with D' = 000 
(IOD) or D ' = 001 (IOA). In the case where D' = 001 (IOA) the data is 
immediately transferred from "D" to "Y". The loading of these registers 
is accomplished by a control signal from the CPU when D' = 000 or D 1 = 001. 
This signal is a 56 nano- second negative going pulse. The leading edge of 
this pulse strobes ALU data into the "D" register, and in the case where D' = 001 
the trailing edge strobes the "D" register into "Y". This control signal is 
transmitted to the expansion chassis through a 75110 transmitter. 



7.5.1.2 Input Data and I/O control respcnse signals: All input data is provided to the 
CPU via the main Tri- state buss. The following Figure illustrates the basic 
signal flow 
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Data from the expansion chassis is received via 75108 open collector receivers. 
Data from the basic chassis is received via the open collector buss. Data to be 
gated onto the Tri- state buss is selected by a combination of the B 1 field of a 
micro- instruction and the contents of the "Y" register at the time the micro- 
instruction is executed. The "Y" register for this selection is decoded accodring 
to the 1700 W-E-S convention. This convention follows: 
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Selection of the four I/O response control signals is 
accomplished by execution of a micro-instruction with 
B'=D11 -CINRS} without regard to the contents of "Y" = The 
data gated to the tri-state buss will have the following 
format : 



Description 


Tri-state Buss 
Bit Position 


b05 Peripheral 17DD Peripheral 


Undefined Undefined 


00 & 01 


Position OD Undefined 


Ud 


Position 01 Reply 


03 


Position 02 Reject 


0M 


Direction Character node 


05 


Undefined Undefined 


0b - IS 



To select the other three groups of signals it is 
necessary to execute a micro-instruction with B'=010 
-CINRD}- The data actually gated to the tri-state buss 
when this is done is determined according to the 
following table- 



7.5.1. 3 



111 


E 


s 


Yo 


DATA GATED TO TRI-STATE 





1 


1 





TTY DATA 





1 


1 


1 


TTY STATUS 





1 


7 


- 


REAL TINE CLOCK STATUS 


- 


- 


- 


- 


DATA FR0N PERIPHERAL CONTROLLERS 



Interrupts: When used as a 1700 emulator! the firmware 
treats each of the two groups of interrupts in a different 
manner. The sixteen lower priority interrupts {Program 
interrupts} are utilized to generate the standard sixteen 
1700 macro interrupts- The lb higher priority interrupts 
{Data Interrupts} are used as micro-level interrupts and 
are transparent at the macro-level. 



7.5.1 . u 



Micro-Programmable 1/0 Control Signals^ 

Four status mode signals are used to generate control 

signals to the 1/0 ports- 75110 transmitters are provided 

for transmitting these four signals to the expansion chassis-The 
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specific status/mode bits utilized and their functions 

— — — »vi.4.in,u j.** i-iic iuj.xuwxiiy i_cujj.t; . 



S/M Bit 



-EIINCTICffiL 



NCR 605 Peripherals 



To be defined Auto-Data xfer 



I Strobe 



'Enab le SPT , SSEL 
T Terminate 



GDC 1700 Peripherals 



Auto-Data xfer 



Read 



Write 



Terminate 



These signals are controllable directly by micro-code as 
with any other S/M register bits. The 1700 emulator uses 
these to generate 1700 Input from A, and Output from A 
.instructions. It also uses them to generate NCR 605 
Set/Sample instructions. 

Other CPU control signals: The following control signals 
are used internally by the I/O module. These signals 
originate in the CPU and are' indirectly controllable by 
micro-code. ie. They occur because of CPU conditions. 

MASTER CLEAR - This signal originates in the CPU. It is 
transmitted to the I/O expansion chassis through a 75110 
transmitter. 

PROGRAM PROTECT - This signal orginates in the CPU control 
section, and indicates the processor protect status. It 
is transmitted to the expansion chassis through a 75110 
transmitter. 

MIR 12 - This signal originates as bit 12 of the memory 
instruction register, and is used to select control signals 
on the Tri-state buss. 

TRI -STATE ENABLE - A negative going enable to turn on 
the tri-state buss. This is equivalent to the S4 enable 
in the MPP. 

Fifty-six nano-sec positive going pulse. This pulse is 
used to re-sync the response signals with the CPU timing 
by strobing the signals into a 74175 D-type latch. The 
timing of this signal must be such that the output of the 
latch is stable when it is selected as the input to the 
Tri-state multiplexer. 
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In addition to the above signals, a K/N transform is 
required as follows : 



7.5.2 



7.5.2.1 



Ri t- n fT.sm 


- 


o 


Bit 1 


- 





Bits 2,3,4,5 


- 


T 


Bits 6 & 7 


- 


B 



True Interupt Address 
Bias , to be determined 

TTY/Display Controller 

The TTY/display controller is compatible with CDC 1?H 
TTY controller. The logic features of the I/O TTY/ 
display controler are. as follows. The I/O TTY to be 
used with this controller is the Teletype Corp. Models 
ASR/KDR 33/35 -Crefer to Teletype Cor- Bulletin 273B 
for details}. The display to be used is the Control 
Data Model C ]E L JB3 Conversational Display Terminal -Crefer 
to CDC Specification Number bBOlflSOO for details}. 

The TTY is controlled vid three wires- The CDT is 
controlled via six wires. Two additional wires are 
provided for an optional connection to the manual in- 
terrupt line. 

The following subsection makes reference to 1700 micro- 
level conventions. 

Device Interface 

1- Communication with the TTY is accomplished via 
three wires - a receiver wire, a transmitter wire, 
and two common wires -Cshorted at the controller}. 
Interface is 50mA current loop. 

B. Communication with the CDT is accomplished via six 
wires - receiver, transmitter, signal ground, re- 
quest to send, clear to send and protective ground. 
Signals conform with EIA standard RSB3B-C and CCITT 
recommendation V2M. 

Data transmission is serial, asynchronous. Start/stop 
format USASCII Code - 7 are data bits and 1 is parity. 

1- The TTY receives and transmits data at a maximum 
speed of 110 bits per second -Cbaud}- 

a- The CDT operates at one of four speeds installa- 
tion selected: HO, 300 , iSDD, or TbOO baud- 
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7.5.2.2 



Programming 



When referencing the TTY/CDT devi. 
contain either 00T0, 



lces ' £3_re gister should 

i_ - , •, 'l.u or DDa,1 lU according to the fol- 

lowing raQie: ~~ — 



fl-Register 
0010 



Computer Instruction 
Output From A Input to A 

Uri te Read 

Director Function Director Status 



7.5.2.2.1 



Director Function 



Bit 
■CA Reg- 
ister-} _ 

OD 



Lyilk.t Lyji 

Clear 
Controller 



p^rd L"L° n 




01 



D? 



03 



Clear 
Interrupt 



Data Inter- 
rupt Request 



End of 
Operation 
Interrupt 
Request 



Clears all interrupt requests 
and the manual interrupt- 
Any interrupt request bit 
shall take precedence over 
this function- 
Conditions the controller 
to send an interrupt signal 
whenever a Data Status is 
active - 

Conditions the controller to 
send an interrupt signal 
when the controller is not 
busy. When in the EOP state 
the controller will accept a 
change in its mode. 
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01 



Operation 



04 

OS 

Ob 
07 

oa 

10 



11 

IE 
13 



14 
IS 



Alarm 

Interrupt 

Request 

Not Used 

Not Used 
Not Used 

Select Urite 
Mode 



oc 1CI.L l\tldU 

Mode 



Connect 
Printer 



Not Used 

Not Used 

Disconnect 
Printer 



Not Used 
Not Used 



Conditions the controller to 
send an interrupt signal when 
the Lost Data Status is active 



Conditions the controller 
for an output operation- 
Clears the Alarm Status. 



eonaitions the controller 

>n input operdt ion • 






Select a mode of operation 
in which the printer {with 
the paper tape punch, when 
exists} and the Tape Reader 
{when exists} are both con- 
nected to the controller. 
Data read from paper tape 
in this mode will also be 
printed {and punched}. 



Select a mode of operation 
in which the printer {and 
paper tape punch when exists} 
is disconnected from the 
controller. Data read from 
paper tape are not printed 
{nor punched}. This mode 
allows transmission of other 
than ASCII codes to the 
computer, including binary 
information. 



To be specified. 



All nonconf licting functions may be performed simul- 
taneously. 
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Select Write mode and Select Read mode are rejected 
when controller is busy. Other functions are always 
performed. When several functions are issued simul- 
taneously and some of them can be performed, the 
output from A instruction exits normally {Reply} but 
those function which should be rejected are not per- 
formed- When none of the functions can be performed, 
the Output from A instruction is rejected. 



7.5.2.2.2 



Director Status 

Bit 
■CA Reg- 
ister} Status 

DO Ready 

Dl Busy 



OB 



D3 



Interrupt 



Data 



DM 



Description 

Unit is ready. 

Read Node - The controller is 
in tiie process oi receiving 
a character from the TTY/CDT 
or the holding register con- 
tains data for transfer to 
the computer. The Busy status 
will drop upon completion 
of the data transfer. 

Write Mode - The data regis- 
ter contains data and is in 
the process of transferring 
it to the TTY/CDT. Busy will 
drop upon completion of the 
transfer. 

An interrupt condition exists 
in the controller. 

Read flode - The holding regis- 
ter contains data for trans- 
fer to the computer. The 
data status will drop upon 
completion of the transfer. 

Write Mode - The controller 
is ready to accept another 
character from the computer. 

Always the inverse of Busy. 
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Bit 

■f A rpa- 
_ - . _ ^ 

i ster 3- 
OS 



Ob 



07 
Ofi 
0T 

10 
11 

IE 
13 
14 
IS 



Status 
Alarm 



Lost Data 



Parity Error 
Not Used 
Read Mode 



Manual 
Interrupt 

Not Used 

Not Used 

Not Used 

Not Used 



Description 

Parity &rr-ar or lost data 
or field error -Cno stop bit 
when expected! occurred. 

The holding register contained 
data for transfer to the com- 
puter and the TTY/CDT began 
to send a new sequence. 

A parity error occurred. 

Always "O*. 

The controller is conditioned 
for input operation. 

Always same as ready. 

A manual interrupt has 
occurred. 

Always °0*. 

Always "0*. 

Always *0" . 

Always 'D'. 



7.5.3 



Real Time Clock: The real time clock which is an 
integral part of the I/O module is designed to appear 
as a 1700 peripheral to the macro-level software. 
Available to the macro-level program are two functions: 
Enable Limit Interrupt and Disable Limit Interrupt. 
Also available to the macro-level program are two status 
bits, Limit Interrupt and Lost Count. 

Limit Interrupt is selected by performing a write to 
the real time clock ("W"=0, "E"=l, and "S"=7) and the 
least significant bit of the "Q" register equal to one. 
The limit interrupt is cleared in the same manner with 
the least significant bit of the "Q" register equal to 
zero. Either case of write will clear an existing limit 
interrupt and clear the status of the real time clock. 
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Status of the real time clock is obtained by an input from 
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r, =1, 



ana !! S"=7) . Status 



is returned in the "A" register with bit 15 when true indi- 
cating a lost count, and bit 14 when true indicating a 
limit interrupt. The rest of the bits in the "A" register 
are undefined. 

The limit interrupt being received by a macro-level 
program is dependant on the appropriate "M" register bit 
being set and the macro interrupt enabled as with all other 
1700 peripherals. 

Micro-level code is capable of receiving a data interrupt 
from the real-time clock every 3-1/3 milli. This interrupt 
is enabled anytime that the corresponding mask bit is set. 

The determination of when the micro-code generates the 

ITiaCrf~> — IP'Tel "i TTf-PT-T-nrrf- "i c: rtf>nAn^anf r\r* +-Vip ornnT -^i-^y T*,-, 

generate the limit interruptit is only necessary for the 
micro-instruction to set S/M bit "Terminate" before clear- 
ing the data interrupt. If this is done the data interrupt 
will be set providing the limit interrupt has been enabled 
by the micro-code. 

The data interrupt is cleared by setting S/M bits "Auto- 
Data" and "Strobe" bits with the I/O "Y" register 
selecting "W"=0, "E"=l, and "S"=7. In the case where it 
is desired to clear the data interrupt without generating 
the "Limit" interruptit is necessary to clear S/M bit 
"Terminate" before clearing the data interrupt. 

If the data interrupt has not been cleared before another 
3-1/3 milli. count occurs -Cand the limit interrupt has 
been selected) the lost count status bit will be set. 
This will cause a limit interrupt to occur with the lost 
count status bit set. 

The real time clock is always "ready" and reads or writes 
are never rejected. 
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I/O Emulation: The I/O control module circuitry in 

conjunction with 1700 PmnUf^ ,.„• n w„ ., . y ' 

the following macro-level I/O capabilities. 9 enerat e 

CDC 1700 A/Q (Inp, Out) 
NCR 605 (Set/Sample) 
NCR 605 Auto-Data Transfer 
CDC 1700 Auto-Data Transfer 

Snera?ed eC ^° the . fi ^t. three items the I/O signals 
I/SSpHf- f 1606 ^ Wl11 be in ac c°rdance with the 
The fourth ??^ 0nS ii f0 E the±r res P ecti ^ I/O schemes, 
ine fourth item will be quite similar to NCR fios a„^ 

UdU iranster ' but will be used with 1700 type "peripherals . 

?hLf°r/^ Wing P? ints should be noted with respect to 
these I/O capabilities. y 

0-7 CDC NrI ril?her ^ 1S Y 111 always be assigned equipment numbers 
numbers 8-15 riPheralS W±11 alWayS be assigned equipment * 



CDC i?00? W ?n tyPe J ° f I/0 Structures Provided (NCR 605 and 
CDC 1700) m most cases use the same data, and control 

ports' ^ThHiff; I/0 Tf e and the P-iP^ral C cSnt?oller 
ports. The difference between the two I/O busses is 

signals. ^ thG micr °-P r °g rain manipulating the control 

employ-soon- 13 TTL leve \' . and specifically does not 
employ 3000 type party line receivers/transmitters. 

not deli^f ^i 0n f ° r 9 eneratin g NCR 605 I/O commands is 
"°L? ef ^ ned at the Present time. The mnemonic will dp 
rcicueu to as set/sample for the I/O operation. 

S!f: f° llo ^ in g sub-sections define the I/O specifications 
for the above mentioned I/O capabilities. 
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7.5.4.1 Internal TTL CDC 1700 A/Q I/O 

7.5.4.1.1 Read 

The read signal signifies the request for an input 
operation. If the data is available at the time the 
read signal rises, a reply is returned within four 
microseconds; if data is not available at the time 
the read signal rises, a reject signal is returned 
within four microseconds. 

7.5.4.1.2 Write 

The write signal signifies the request for an output 
operation. If data can be used at the time the write 
signal rises, a reply is returned within four micro- 
seconds; if data cannot be used at the time the write 
siqnal rises, a reject signal will be returned within 
four microseconds. 



7.5.4.1.3 



Reply 



Reply to Write 

If the peripheral equipment can accept data when the 
write signal rises, the following sequence of events 
occurs: 

1} The computer channel transfers data to the appro- 
priate register in the peripheral equipment- 

2} The peripheral equipment sends a reply to the 

channel a minimum of 200 nanoseconds and a maxi- 
mum of four microseconds later- 

3} The channel drops the write signal when it re- 
ceives the reply- 

4> Absence of a write signal for 1D0 nanoseconds 
drops the reply- 

S> The data lines drop when the reply drops- 
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Reply to Read 

If data is available when the read signal rises, the 
following sequence of events occurs: 

1> The data available is gated to the data cable. 

5> The reply is returned a minimum of 500 nanoseconds 
and a maximum of four microseconds later. 

3> The reply causes the read line to drop. 

L i y Absence of a read signal for 100 nanoseconds causes 



the reolv to dro 



n . 



S> The data lines drop when the reply drops. See 
Figure t> for timing information. 
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B 
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READ 
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«— 
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D 


k- 










REPLY OR REJECT 


^ 



























A = O /iSEC MIN (5) PERIPHERAL DEVICE 

B = O.O/iSEC MIN (q) COMPUTER 

C = 0.0 ft SEC MIN (q) PERIPHERAL DEVICE 



D = /iSEC MIN <q) PERIPHERAL DEVICE 

E = 4.0 fj. SEC MAX (q) PERIPHERAL DEVICE 

0.2 /iSEC M:N (q} PERIPHERAL DEVICE 



OUTPuT GPtRATiGN 













DATA j~ 

-Ma 


*_ 




— >| DHAk- 


L_ 


WRITE 








~" 1 




-HbK- 




REPLY OR REJECT 










' 





A = 0.1 /iSEC MIN (q) COMPUTER 
B = 0.0 /i SEC MIN (q) COMPUTER 
C = 0.0 /a SEC MIN (q) PERIPERAL DEVICE 



D = 0.1 fiSEC MIN (q) COMPUTER 
E = 4.0 /i SEC MAX (q) PERIPHERAL DEVICE 
0.2 ft. SEC MIN (q) PERIPHERAL DEVICE 



NOTE: 

THE ADDRESS BITS WILL BE ON THE CHANNEL A MINIMUM OF 
0.1 ^SEC BEFORE AND AFTER THE READ OR WRITE SIGNAL. 



Figure b . A(3 I/O Timing 
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7.5.4.1,4 



Re je c t 



If the specified operation cannot or should not be 
performed at the time a read or write signal appears, 
a reject will be returned within four microseconds. 



7.5.4.1.5 



Program Protect 

The program protect signal is present if the I/O 
instruction requires access to a protected device. If 
the signal is not present, the protected device re- 
turns a reject signal. 



7.5.4.1.6 



Character Input 



Th- 



TP-t^ 1 



a 



the data transfer is 



1~ h£ c?r ioh^rs] device if 
an fi-bit character or less in the 









poji l loni • Devices wmICm never e x c e e q 



an fi-bit transfer may have this line up continuously 
while reading- 



7.5.4.1.7 



Continue Bit 

Bit IS of d is a continue bit and is used to speed 
the operation devices which require continuous random 
addressing. Such a device operates as follows: 

1> Address the device with (215 = and the remainder 
of fl set to select this device. The device is 
now connected. 

5} All succeeding addresses with (215 = 1 will be recog- 
nized by this device. Thus IS bits of address are 
available to this device. 

3} The next address with £315=0 will disconnect this 
device unless it is the address of this device. 



NOTE: This type of addressing is not allowed if 
1700 Auto-Data Transfer is utilized. 
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7.5.4.1.8 The Q register in the 1700 computer is used to send 

addressing codes to peripheral equipments. The format 
of the Q register is shown below. Each level of 
peripheral equipment except a unit is addressed by a 
unique section of the Q register. 



15 



11 



10 



7.5.4.1.9 



! j 

| W E 


Command 


Q Register 


The following table 7 defines the signals available at 




includes common sianals used both bv the NCR 605 and 


CDC 1700 peripherals, and special terms dedicated to 


only one type. The table headings have the following 


meanings . 







MNEMONIC - Signal name at the port. In cases where the 
signal is used by both 1700 peripherals and 605 peripherals 
the mnemonic corresponds to NCR nomenclature. 
NAME - Defines the usage of the signal 

PIN NO. - Backplane pin at the port where the signal is 
available. 

TYPE - Specifies use by NCR 605, 1700, or both. 

PATH - Foil indicates backplane printed circuit connection. 
Wire indicates wire wrap connection. 

The following should be noted with respect to 1700 usage. 
All of the signals listed exclusively for 1700 usage must 
be custom wired if the" are to be used. 
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TABLE 7 
STANDARD I/O INTERFACE LINES 



MNEMONIC 



- 


RD 


01 


RD 


02 


RD 


03 


RD 


04 


RD 


05 


RD 


06 


RD 


07 


RD 


08 


RD 


09 


RD 


10 


RD 


11 


RD 


12 


RD 


13 


RD 


14 


RD 


15 


RD 


16 



RD INT 01 
02 
03 
04 

05 
06 

07 

RD INT 08 

RD IR OUT 

RP INT 01. 
02 
03 
04 
05 
06 

07 

RP INT 08 

Txstop 



EXMC 
EXG0 



NAME 
INPUT 

Data Input 01 (LSB) 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 
Data Input 16 (MSB) 

Data Interrupt 01 

02 

03 

04 

05 

06 
? 07 
Data Interrupt 08 

Data Direction Out/Char Mode 

Program Interrupt 01 

02 

03 

04 

05 

06 

07 
Program Interrupt 03 

External Macro Stop 

External Master Clear 
External Macro Go 



PIN 
NO 



204 
206 
208 
210 
214 
218 
221 
224 
226 
229 
231 
234 
236 
239 
241 
244 

250 
250 
250 
250 
250 
250 
250 
250 

47 

249 
249 
249 
249 
249 
249 
249 
249 

5TM 
215 



TYPE 



Both 



PATH 



Foil 



Foil 
Wj.re 



Both 
Both 

Both 

Both 



t 

Wire 

Wire 

Dire 
Uire 
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TABLE 7 
STANDARD I/O INTERFACE LINES (Cont'd) 



MNEMONIC 



RPOS 01 
"02 
"03 

■RINT1 

RINT 2 



NAME 



PIN NO 



"STTOr 

"02 

TJ3 

TJ3 

"05 

"05 

TJ7 

"05 

W 

TO 

TT 

T2 

T3 

T? 

13 
SD16 

"3MF7 
S 
V 

"SPOS 01 

m 
m 

SPT 01 
132 
"03 
"03 
TJ3 
XJ5 
"07 

SPT 08 





INPUT 






Position Address 01 


213 


Position Address 


02/Reply 


216 


Position Address 


03/Reject 


220 


Optional Int #1 




49 


Optional Int #2 




50 


OUTPUT 






Data Output 01 (LSB) 


203 




02 




205 




03 




207 




04 




209 




05 




211 




06 




215 




07 




219 




08 




223 




09 




225 




10 




228 




11 




230 


.. 


12 




233 




13 




235 


i 


14 




238 


1 15 




240 


Data Output 16 (MSB) 


243 


Mode Bit Line 1/Y01 


247 


Mode Bit Line 2/Y02 


246 


Set/S, 


ample Mode Bit/Y03 


245 



TYPE 



M05 
Both 
Both 
1700 
1700 



Both 



PAT 



Foil 

Foil 

Foil 

Wire 

Wire 



Foil 



Position Address Line 1/Y04 212 
Position Address Line 2/Y05 217 
Position Address Line 3/Y06 222 



Port Address Line 



Port Address Line 



01 
02 
03 
04 
05 
06 
07 
08 



227 
227 
227 
227 
227 
227 
227 
227 



v 
Both 

M05 



▼ 

Foil 

Wire 



M05 



Wire 
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TABLE 7 
STANDARD I/O INTERFACE LINES (Cont'd) 



MNEMONIC 



NAME 



OUTPUT 



SSEL 


01 
02 
03 
04 
05 
06 
07 


Select 


01 
02 
03 
04 
05 
06 
07 






SSEL 


08 


Select 08 

Strobe/Read 

Terminate 






SSTB 




STERJ 




MR 




Plaster Reset 




Y00 




Address Bit 


00 


(LSB) 


Y07 
Y08 








07 
08 




Y09 
Y10 
Yll 








09 
10 
11 




Y12 








12 




Y13 








13 




Y14 




i 


' 


14 




Y15 




Addres 


s Bit 


15 


(MSB) 


WRITE 


Write 








PROG 


PROT 


Progra 


m Protect 




WEO 




W=0 









NO 


TYPE 


PATH 


251 


MO 5 


Wire 


251 










251 










251 










251 










251 










251 


' > 


" 


251 


\rr\r 

UL/J 


Wire 


248 


Both 


Foil 


48 


M05 


Foil 


46 


Both 


Wire 


280 


1700 






281 










282 










283 










284 










285 










286 










287 










288 










289 










290 










291 
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Internal TTL NCR HDS Set/Sample 

This section makes reference to signals listed in Table 7 

The NQ5-I/0 structure-i provides A port addressing! and 
an fl-way priority scheme- Each port is numbered from 
to 7n but designated 1 to fl- Port 7-CflJ has the lowest 
priority. Each port can communicate with a peripheral 
directly! or each port may optionally be further multi- 
plexed to communicate with up to fi peripherals. Thus-i 
up to b M peripherals can be controlled. The second level 
of 6 operates on a priority or scanning scheme which 
must be provided by some external means- 
Information is transferred to or from the device via the 
I/O Set or Sample Command- The I/O Command causes lb 
bits to be input to the processor or lb bits to be trans- 
ferred to the device called out in the command- The 

biic in wci i Ci \- w U y wuC 






gc bion 



iiil^i x x c: kj 



address bit YD3 -CSee Table 6>- 



When address bit YD3 is a "1"-. that is-, a SET condition-, 
the lb bits of information contained in the output data 
register are placed on the output lines- Hence-i during 
a SAI1PLE condition-, YD3 is a "0" and the lb bits of 
information on the Input Lines are transferred to the Tri- 
state buss- Uhen a position number is required by a port 
device-. YOM should be used if two positions or less are 
required-i YDM and yQS if H or less positions are required 
and bits YOM-i YDS and YOb if fl positions are required- 
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Executing a set or sample command outputs a discrete signal 

to the port selectedi -CSPT 0-73-t the three position 

bit lines -CSPOS 1-33-n the three mode bit lines -CSMB 7-T> 

and a strobe -CSSTB3-- It either outputs {simultaneously} 

on the lb Data Output Lines -CSDl-lta} or accepts the data 

placed -Cby the port device! on the lb Data Input Lines 

•CRDl-lb}. 

In order to insure sufficient time for the data to stabilize 
at a port devicei the processor outputs the data for 
approximately bOQns- The strobe occurs near the end of 
this time- There are actually two strobes sent! one near 
the beginning of data and another near the end- Both 
will be sent during data transmission- Two strobes are 
sent to simplify control for some port devices- 
Devices outputting data to the processor should utilize 
the port signal -CSPT Q-7> to gate their data on the buss 
thru open collector gates- 

Devices accepting data should only accept data if their 
port signal is true and at strobe time- 

The "PROGRAM" Interrupt will cause the processor to take 
a program branch to a location in memory as defined later- 
This mode is for control of peripherals- It allows 
peripheral occurrences! such as initializing operations 
terminations! malfunctions or errors- The NCR bOS Program 
interrupt will be treated at the macro-level as a 17DD 
interrupt- The two following timing diagrams illustrate 
the operation of set/sample- 
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7.5.4.3 



NCR 605 and CDC 1700 Auto Data Transfer Functional 

vyj->t;a. atj.ua . 

An auto-data transfer is initiated by a normal I/O operation 
The exact method depends on the specific peripheral. 
After it is initiated, the peripheral flags the CPU with 
a data interrupt each time it wants to transfer a word to 
or from main memory. The data interrupt is transparent to 
the macro-code, but it does "steal" some time from it. 

When the data interrupt is recognized by the CPU, the micro- 
code executes a K transform which directs it to a four- 
word block in file 1. The four-word block is broken down 
as follows: 



Word 1 
Word 2 
Word 3 
Word 4 



1 = 4-V,. 
1 i-" Ulit 

addre; 
Last word address + 1 
Relocation word 



register) 



If the peripheral is M05 with multi -positions (as defined 
by Word 1), then the format is as follows: 

Word 1 Address 

Word 2 Indirect address to main memory 

Word 3 Not used 

Word 4 Relocation word 
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The address word is defined in Table 8. The first word address and 
the last word address + 1 define the locations in main memory from/ 
■o wr ich the data transfer takes place. The first word address is 
-ten lented by the micro-code as the transfer progresses. The re- 
: on word is used on systems with more than tS< of main memory 
jre that a change of the relocation word -Cased to address lo- 
3 above bSK> will not affect auto-data transfers already in 



or 



n 
r 



IS~ 



b J- 



Y. 

YG 

YDL 

Y07 

YDL 

YDS 

YDM 

YD3 

YDE 

YD1 

Y00-C 



INP, OUT, SET/SAMPLE 



sfc 



X- 



Always *D* for 17DQ 
Always °1* for flOS 



Equipment-C170D> 
Port-Cn05> 



-X- 



SB> 



Station* 1700} 
Position-CH0S> 

X- 



AUTO-DATA XFER 

{Contents of Word 1> 



*0*=INPUT-Cl700> 
w l°=0UTPUT-Cl7DD> 
«0*=SINGLE POSITION PORT 
*1*=[1ULTI-P0SITI0N PORT 



Always '0' for 1700 
Always «1* for MOS 

t 

Equipment* 1700 > 

SSEL-CInterrupt SelectMHOS} 



-x- 



Station! li'uu} 



f*l*=SET 
*0*=SAf1PLE 



Director-Cl700> Node-CMOS} 



I 



_^k_ 



1 



TABLE 8 
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The first word address and the last word address + 1 are located 
in main memory in the case of multi-position M05 peripherals. The 
address in main memory of these words is determined by word 2 of 
the four-word block in file 1, as follows: 

IS 1M 13 12 11 ID DT Dfl 07 Ob OS 0M 03 02 01 00 



-v 



_/\— 



G i as 



rre-^tii oy macroprogrammer before 



Position - 



- Provided by the peripheral at the time 
of the data interrupt. Must be pre-set 
to zeros. 



Least Significant Bit - 



- Pre-set by macroprogrammer before 
initiating the transfer. It de- 
fines the location of the first 
word address within the block. 



Note that there is only one relocation word for all positions on a 
port, and this word is used for both indirect addressing and data 
transfers. 
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7.6 



7.6.1 



MP17 Configurations - This section illustrates the 
basic system configurations of the MP17. It is 
divided into three functional sub-sections. These 
subsections cover the MINI, MAXI, and programmable 
peripheral controller versions of the MP17. 

MINI Configuration. The MINI configuration of the 
MP17 is contained in one MP17 chassis module. This 
basic chassis provides 27 card slots. The utilization 
of these card slots is illustrated in the following 
figure. 
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(Front View MP17 MINI Configuration) 

*Denotes optional card. 

The MINI configuration is generally utilized as a 1700 
emulator. However it may be used as a general purpose 
emulator of other small computers. The following 
block diagram illustrates the system capabilities of 
the MINI. 
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Transform 
and 
1,024 
Instruction 
(ROM) 



Micromemcry 
Expansion 

Slots 
(2 cards) 



<r> 



O 



1| 30/605 I/O Buss 



CPU 



• Control #1 

• Control #2 
. ALU 

. SMI 
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internal 
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MP17 Functional Block. Diagram MINI Configuration 
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7 • 6. 1.1 I /0 Ports: Five I/O ports are provided in the 

MINI MP17 configuration. These ports are wired 
in the standard version to allow insertion of 
NCR 605 controllers without backplane modi- 
fication. If it is desired to utilize 
1700 A/Q type controllers in these slots 
fifteen signal lines must be custom wired. 
These are the signals used exclusively by 
the 1700 A/Q I/O Scheme. In the event either 
type controller (1700 or NCR 605) requires 
the use of a DMA port the signals from the 
DMA port must be custom wired. Also, if 
a peripheral controller is equipped to 
interface to the panel interface these signals 
must be custom wired. 

7,6,2 MAXI Configuration tc be supplied later. 



Programmable Peripheral Controller Configuration: 
To be supplied later. 
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APPENDIX II 

35-bit controller configuration - to be added. 
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APPENDIX III - GLOSSARY 



A field 

A regi ster 
A* register 

ALU 



B field 



BG 



C field 



CPU 



D field 



Dead start 



In microinstruction? A field 
specifies source of operand to be 
sent to ALU from selector I- 

General purpose register. 

Register included in systems con- 
taining hardware double precision 
option • 

Arithmetic and logical unit. 
Performs arithmetic and logical 
operations on two operands sent 
to i t from the two selectors. 



In microinstruction, B field ^neci- 
i les source or operand to be sent 
to ALU from selector 2- 

Bit generator. Allows a word 
to be sent to ALU with all zeros 
except one bit set at any bit po- 
sit ion i used for masking or arith- 
metic operations. 

In microinstruction, constant -CO 
field- Can contain constants, 
micromemory addresses, or other 
codes, depending on format of micro- 
instruction • 

Central processing unit. Con- 
sists of micromemory, control 
section, arithmetic section, and 
I/O. 

In microinstruction, destination 
■CD> field. Specifies destination 
for results of operation per- 
formed by ALU. 

Optional logic that allows read/ 
write micromemory to be loaded 
from external input device. 
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Emulation 



F field 



F re gi ster 
File 1 

Fi le 2 

Firmware 



I register 

IC 
I/O 

K register 

LPn 

M field 



MA register 



Process combining hardware end 
firmware design , by which one pro- 
cessor \em u i ator s executes programs 
designed for different processor, 
even though one-to-one hardware 
correspondence does not exist. 

In microinstruction, function -CF> 
field. Specifies operation to be 
performed by ALU or shift or scale 
of A or Ad registers. 

General purpose register. 

Register file addressed by con- 
tents of K register. 



f?p ryA 



\r« fill 



.Oil y 



MrJy 



: y i ^3 l ^ r i i i c i.yp ii_o i iy u uu re S SCC 

by contents of N re oi ster. 



General term for combination of 
microinstructions used in micro- 
program to perform a certain op- 
eration • 

General purpose register that can 
be used to hold software instruc- 
tion during execution if IIP is 
configured as emulator. 

Integrated circuit. 

Input/ ou tput. 

fl-bit counter that can be cleared, 
incremented, or decremented under 
microinstruction control. Also 
used to address file l- 

Large plane memory. 

In microinstruction, mode -CM} 
field specifies addressing mode 
to be used to obtain next micro- 
instruction pair from micromemory. 

Micromemory address register. 
Holds micromemory address of cui — 
rent microinstruction pair. 
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MA transform 
MAC 

Main memory 
riask register 
Microinstruction 

Micro memo ry 

MicroPro grem 

MIR 

MM 
MPP 

N register 
P register 



Program protect 



SCDD 



Mic ro memo r^ address transform • 

Memory address counter. Holds 
address of next sequential micro- 
instruction pair. 

Core memory used by MP for stor- 
age of operands, etc- 

Used to control processing of 
internal and external interrupts. 

32-bit instruction from micromem- 
ory that controls all operations 
throughout SbOO system. 

High speed semiconductor memory, 
which contains microprograms. 

Set of microinstructions stored 
i n m i c r o me m o r y • 

Microinstruction register- Holds 
microinstruction being executed. 

Micromemory • 

Microprogrammabl e processor- CPU 
portion of any specific SbOO sys- 
tem • 

fl-bi t counter that can be cleared, 
incremented, or decremented under 
microinstruction control. Also 
used to address file 5- 

General purpose register that can 
be used to hold main memory ad- 
dress of software instruction being 



executed if MPP is conf i 
emu la tor. 



gured as 



0. re gi st er 



Optional logic which, when enabled, 
prevents unprotected programs and 
I/O users from changing contents 
of protected areas of main memory. 

General purpose register used in 
multiply and divide operations. 
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Q* register 



RTJ register 



S field 



Si, SE, etc 
Sel ector 



SN 

Split adder 



SPtl 



Register included in systems con- 
taining hardware double precision 
opt t on • 

Return jump register- Holds micro- 
memory address, to which control 
will return at completion of a sub- 
rout ine . 

In microinstruction, special -CS} 
field specifies operation to be 
performed in parallel with ALU 
operation • 

Selector 1, selector 2, etc- 

Multiplexer thatallows one of 

C*p UOP3 I cm t i ^/-or r^i'T- r-l = ■+- .= +-r-» UmT5 
*_>N- v <w i ^_* i. __*_» ai -wv a v_/l ■_* i — 6. !^ * — i ■_ W LJ*"— 

selected for transfer from one 
iOC6 tion in nPP organization to 
another under microinstruction 
contro 1 • 

Status/mode register. 

Optional process by which ALU can 
be functionally split into two 
independent ALUs under microin- 
struction control. 

Small plane memory. 



Status/mode register Contains flag bits and status/mode 

bits. Flag bits are set under 
microinstruction control to enable 
certain internal MPP operations 

-[e.g., double precision flag set 
enables double precision logic}. 
Status/mode bits indicate internal 
or external conditions -[e.g. , 
memory parity error}. 



T field 



In microinstruction , test -CT} 
field specifies whether upper or 
lower microinstruction of next 
microinstruction pair is to be 
execu te d. 
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Transform matrix 



X register 
X* register 



Selects bits from various sources 
in fIPP organization and trans- 
lates them into micromemory address 
in MA register, or transfers them 
to K or N re gi s t er • 

General purpose processor register. 

Register included in systems con- 
taining hardware double precision 
option . 
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